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ABSTRACT 


This Bulletin contains the results of an investigation of 119 laminated 
timber slabs tested at the Engineering Experiment Station, University of 
Illinois. The slabs were constructed of laminations 2 in. x 4 UG eer Ambas oe 16 
in., and 3 in. x 6 in., and were tested on spans of 3, 414, and 6 ft. Variables 
considered were the type of fasteners (nails, bolts, or dowels), and their 
location in the lamination, the span length, the number of laminations in 
the slab, the material used (yellow pine, redwood, or Douglas fir), the 
number of laminations to which the load was applied, and the effect of 
repeated loads. The principal portion of the investigation was concen- 
trated upon the type and arrangement of fasteners. 

The test results were analyzed and compared on the basis of the effec- 
tive number of laminations, that is, the number of laminations which, 
when considered as equally stressed, will produce the same maximum 
fiber stress as would be obtained if the actual distribution of the load 
among the various laminations was considered. For example, if the 
effective number of laminations is 4, the loaded lamination should be 
designed to carry one-fourth of the load. 

From the results of the investigation, the conclusion was reached 
that the important factor in the distribution of concentrated loads among 
the laminations of a slab is the type and arrangement of fasteners and 
that the wood species used is of small importance. A common specification 
of 30d nails staggered at 18-in. spacing for nailing laminations together 
does not develop the strength of laminated floors to the fullest extent 
readily obtainable. Bolts and pipe dowels were somewhat more effective 
than 30d nails arranged in the same pattern, but their superiority over 
nails appears too small to justify their greater cost. The most satisfactory 
spacing of nails was found to be 9 in. alternating between the top and 
the bottom of the slab (i.e., staggered); this spacing may be increased 
to 18 in. near the supports without any reduction in strength when a load 
at the centerline of span only is considered. 
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!. INTRODUCTION 


1. Object and Scope of Tests. 

Floor slabs consisting of wood pieces nominally 
2 in. thick and 4 to 10 in. wide set on edge and 
spiked together have been used extensively in in- 
dustrial buildings for many years. More recently, 
this type of construction has been used to a limited 
extent for highway bridge floors. In this latter ap- 
plication an obvious question is raised, namely, the 
effectiveness of the laminated slab in distributing 
the relatively concentrated loads due to truck 
wheels. 

The object of the tests reported in this Bulletin 
was to determine the effectiveness of various types 
of laminated timber bridge floor slabs in distribut- 
ing concentrated loads. Approximately 120 slabs 
were tested, each being subjected to a concentrated 
load while strains and deflections were measured. 
Several variables were considered, including species 
of lumber, number and size of laminations, span 
length of the slab, type of connection between lam- 
inations, number of laminations loaded, effect of 
continuity, and effect of repeated loading. 

The conclusions from these tests were based 
entirely on the behavior of the slabs at working 
loads, that is, loads producing stresses in the range 
of values usually used in design. Practically all of 
the slabs, however, were tested to failure. Ultimate 
loads and information regarding the behavior of the 
slab above working loads are given. 

In these tests, the effectiveness of the slab in 
distributing a concentrated load was measured by a 
quantity known as the effective nwmber of lamina- 
tions. This number was derived from the test re- 
sults, usually the measured strains, and may be 
defined as follows: The effective number of lamina- 
tions is that number of laminations which are 
capable of carrying the applied load at an average 
fiber stress equal to the maximum stress obtained 
in the actual slab. The concept of an effective 
number of laminations is strictly analogous to that 
of effective width which has been frequently used 
in connection with homogeneous slabs. 


2. Outline of Test Program 

The various slabs tested in this investigation 
may be divided into four groups, designated herein 
as Series A, B, C, and D. The division into series is 
partly chronological and partly based on differences 
in the slabs, the testing procedures, and the vari- 
ables studied. The principal characteristics of the 
slabs and the variables studied in each series are 
summarized in Table 1 and are discussed briefly 
below. 


Series A. Each slab of Series A consisted of 5 
full-size 2 in. x 4 in. yellow pine or redwood 
laminations. They were tested on a 3-ft span with 
a single concentrated load applied to one lamina- 
tion at midspan. The principal variables studied in 
this series of tests were the type, size, and spacing 
of the fasteners. 


Series B. Several new variables were intro- 
duced in this series. The lumber used was Douglas 
fir instead of yellow pine or redwood as in Series A, 
and the laminations consisted of 2 in. x 4 in., 2 in. 
x 6 in., or 3 in. x 6 in. pieces, all of nominal rather 
than full size. The width and span length of the 
slabs were also varied as indicated in Table 1. One 
continuous slab having three spans of 3 ft each 
was tested. As before, a major variable was the 
type of connection, including 30d and 60d nails and 
bolts at various spacings and also a few tests with 
tongue-and-groove laminations. 


Series C. The slabs of this series were similar 
in most respects to those of Series B. A single span 
length, 6 ft, was used in all tests in Series C. The 
differences in the type of fasteners consisted of the 
use of 40d nails instead of 30d, and the use of 
toothed-ring connectors in one slab. 


Series D. The slabs of Series D differed from 
those of the previous tests in both their construc- 
tion and in the manner of test. They consisted of 
21 laminations of nominal size 2 in. x 4 in. or 2 in. x 
6 in. yellow pine, as compared to a maximum of 9 
laminations in the other tests. Each slab was tested 
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Table 1 
Outline of Test Program 


Characteristic 


Series Number 


C D 


A . 
(1) Species of lumber Yellow pine Douglas fir Douglas fir Yellow pine 
Redwood 4 None 

i inati Nominal 2 x 4 Nominal 2 x 4 ominal 2x 

(2) Size of laminations Full 2x4 Mes er 526 
3x6 3x6 
(3) Number of laminations 5 : 21 
6 ft 3 ft 

(4) Span length 3 ft P A is re 


Nails: 30d, various pat- 
terns and spacing 
Bolts: 46” 


Type of fasteners 


Nails: 30d and 60d, 
9” and 18” stagger 
Bolts: 6” to 1” 


Nails: 30d and 40d, 


Nails: 40d, 9” and 18” 
9” and 18” stagger 


stagger 
Bolts: 144” to 1” 


Pipe dowels: 14” Tongue-and-groove Toothed-ring connector 
(6) Number of laminations loaded 1 1 1 1, 3,5 
(7) Principal variables (1) (5) (2) (8) (4) (5) (2) (3) (5) (2) (4) (5) (6) 
(8) Quantities measured Strain Strain | Strain — Strain 
Deflection Deflection Deflection 


on spans of 3, 4%, and 6 ft, and for each slab the 
load was applied successively to 5, 3, and 1 lamina- 
tions. There were also some variations in the size 
and spacing of the nails. 

Strains were measured in the outer fibers of the 
various laminations in the tests of all series. While 
the strain measurements obtained in all tests were 
considered satisfactory for the purposes of this 
Bulletin, they are more reliable in the later than in 
the earlier tests because of the development of a 
better form of gage point which is described at 
another point. Deflections of the slabs were meas- 
ured in all tests except those of Series D, but they 
are not reported here. The deflection measurements 
seemed essentially to duplicate the strain measure- 
ments which were considered more reliable. How- 
ever, the methods and apparatus for measuring 
deflection have been described. 

The test program extended over the period 
1930-39. The approximate dates of the various 
series were as follows: Series A, 1930-32; Series B, 
1930-32; Series C, 1932-33; Series D, 1937-39. 


3. Acknowledgments 
The investigations reported in this Bulletin were 
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Enger, and Dean W. L. Everitt, successively. 
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National Lumber Manufacturers’ Association. Mr. 
Frank P. Cartwright who was at one time Chief 
Engineer of the Association, entered actively into 
the planning of the work. 
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fessors W. C. Huntington and W. A. Oliver. The 
assignments of these assistants were as follows: 
Walter Kletting, 1930-31, Series A and B; Louis F. 
Buran, 1930-32, Series A and B; William T. Cox, 
1931-33, Series C; Francisco Morales, 1937-38, 
Series D; Arnold M. Judd, 1937-39, Series D. 

The data and conclusions from the various 
series of tests were collected and correlated, and the 
major portion of this Bulletin was prepared by 
Melvin W. Jackson. 

The authors are grateful to W. M. Wilson, 
Research Professor of Structural Engineering, 
Emeritus, who was consulted on many phases of 
the work. 


il. TEST SPECIMENS AND APPARATUS 


4. Description of Slabs 

Table 2 lists all of the slabs tested in the four 
series reported in this Bulletin and shows span 
length, type and spacing of fasteners, number and 
size of laminations, and species of wood used. A 
general description of the specimens tested in the 
four series is given in the following paragraphs. 

The Series A slabs were made of yellow pine, 
with a few of redwood. The yellow pine was fur- 
nished by the Southern Pine Association and classed 
as rough structural, square edged and sound, and 
the redwood furnished by the Pacific Lumber 
Company was grade marked rough super-structural. 
The laminations in the Series A tests were all full 
2 in. x 4 in. They were made uniform in size by 
planing one side and one edge in a planing machine. 
In building the slabs a rough and a smooth side 
were always placed together. Material which was 
undersize or contained major defects was rejected. 

The Series B and C slabs were all made of 
Douglas fir of a structural grade. The pieces were 
first planed to a thickness of 1% in. or, in the case 
of two slabs, 25 in. corresponding to the actual 
average thickness of 2-in. and 3-in. dressed ma- 
terial. In the Series B slabs, after the laminations 
had been fastened together, the slab so formed was 
machine planed to the desired depth of 3% in. or 
554 in. corresponding to actual depths of 4-in. and 
6-in. material respectively. In the Series C slabs, 
_-the pieces were planed to the standard thicknesses 
of 15% in. or 2% in. and the standard widths of 3% 
in. or 554 in. before being assembled into slabs. 
After each slab was constructed, the under side was 
hand planed at the ends to give even bearing 
surfaces with the bearing surfaces lying in the same 
plane. 

The Series D tests were all made of Southern 
yellow pine. The laminations were 1% in. x 35% in., 
and 154 in. x 55 in., and were cut and planed from 
rough stock of larger dimensions. Between 30 and 
40 pieces were prepared for each slab (of 21 lami- 
nations) in order that a selection of the better 
pieces could be made in constructing the slab. In 


both Series C and D specimens, after a preliminary 
inspection and selection and before assembling the 
slab, flexural control tests were made to determine 
the modulus of elasticity of each lamination. Mem- 
bers were then chosen with approximately the same 
modulus of elasticity to make up the slab. 

The slabs in Series D were built on a specially 
made frame which was kept level during the con- 
struction of the slab to lessen the labor necessary to 
level the ends of the slab before testing. After the 
laminations making up the slab were fastened 
together, the underside was planed level near the 
bearing of the supports for a width of approxi- 
mately 6 in. and for a length equal to the width 
of the slab. On these planed surfaces were placed 
two steel plates 4 in. x 34 in. x 3 ft 5 in., bolted 
through the slab to 2 in. x 2 in. x \ in. angles of 
the same length as the plates. While bearing plates 
at the supports were used in testing all specimens, 
this particular detail was used in this test series in 
an attempt to get a more uniform bearing all across 
the slab at the supports. An even bearing under the 
angles was obtained by bedding them in plaster of 
Paris. This detail is indicated in Fig. 1. The bolts 
connecting the plates and angles were countersunk 
on the bottom side of the bearing plates. In order to 
insure the uniform application of load to the slab 
when more than one lamination was loaded, a rec- 
tangle approximately 6 in. wide and 18 in. long 
was planed level at the center of the top side of the 
slab and a small amount of plaster of Paris was 
used to finish this surface. 

In general the wood used in all four series of 
tests was straight-grained with small knots, few and 
sound. The visual characteristics of each lamination 
were observed before the fabrication of the slab, 
but since the quality of the wood used was such that 
its characteristics had little effect on the load dis- 
tribution, they are considered only in a general 
way in this Bulletin. 

A storage room was provided for the lumber in 
the laboratory in which comparatively constant 
humidity could be maintained. As material was 
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Laminations 
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Table 2 
Summary of Slabs Tested 


Wood Size 
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g. 54" 


Kind 


Fasteners 


nails 
nails 


Location 


18” stagger 
18” stagger 
18” stagger oa 
2 near ctr., ‘““T’’* 

2mear ctr. lar 


2 near ctr., ‘“T” , 
9” stagger , 
9” stagger 

9” stagger ; 
18” stag., no end nails, ‘‘U’’ ¢ 
18” stag., no end nails, ‘‘U”’ 

18” stag., no end nails, 
9” stag., no end nails, 
9” stag., no end nails, 
9” stag., no end nails, ‘V”’ 


3 near ctr., ‘“W”’ 
3 near ctr., “W”’ 
3 near ctr., ‘“W”’ 
6 near ctr., ‘“X”’ 
6 near ctr., ‘“X”’ 


6 near ctr., ““X’”’ 

18” stag. (ctr. and ends) 
18” stag. (ctr. and ends) 
18” stag. (ctr. and ends) 
9” stagger 


9” stagger 
9” stagger 
3 near center, ‘“W”’ 
3 near center, ‘“W”’ 
3 near center, ““W”’ 


2 at ctr., 1 at ends, ““Z”’ 
2 at ctr., 1 at ends, ‘‘Z” 
2 at ctr., 1 at ends, ‘‘Z”’ 
foes etr., 1 at ends, ‘“Y” 


“yy 


“yr 
9” stagger 

9” stagger 

9” stagger 

2 at ctr., 1 at ends, “*Z” 
“ge 

An 

9” stagger 

9” stagger 

9” stagger 

3 hear Ctr, 7 We 

oy 

6 near ctr., ‘“X”’ 

“xX 


“xn 
9” stagger 
9” stagger 
9” stagger 
3 near ctr., ‘“W”’ 


“ ” 


“Ww” 


9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 


9” stagger 
9” stagger 
9” stagger 
9” stagger 
9” stagger 


2 wood clamps 
9” stagger 
9” stagger 
9” stagger 
9” stagger 


18” stagger 

9” stagger 

Wash. State stagger 
9” stagger 

9” stagger 

9” stagger 

18” stagger 

9” stagger 

9” stagger 

9” stagger 


9” stagger 
9” stagger 
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Table 2 
Summary of Slabs Tested (Concluded) 


Slab Span Laminati 
ons 
No (ft) No. ae Wood 
in.) 

Cl 6 5 154x55 7 
C2 6 5 19x56 DE 
54gx5 5% Din 
Gs 6 5 154x554 DP. 
Ce 6 5 154x554 D.F. 
9 154x 55% D.F. 
oa pO URH BE 
8X3% aie 
Gs 6 9 15% x 35% DP. 
coe 9 154x 55% D.F. 
6 9 1% x55% DF. 
oe reine. BE 
C13 6 5 Baebes DE 
C14 6 5 Ob x nbe a 
C15 6 o 254%x5% D.F. 
1 1446 x 59% D.F. 
ts 6 3 1se ease DE 
C18 6 9 isesEse DE 
C19 6 9 154x 55% DF. 
C20 6 9 154x55% D.F. 

D1 6,4%,3 21 54x55 r 
D2 643.3 21 185x554 VP 
D3 6, 414,3 21 154x 55% YP. 
D4 6, 414,3 21 15% x5 5% YP. 
pe 6, 414.3 21 154x5 5% Y.P. 
6 6,4%, 3 21 15x35 Y.P. 
D7 6, 414'3 21 iseaaee VP. 
Ds 6,414.3 21 154x 35% YP. 


* See Fig. 9 for explanation of ‘‘T,”’ “‘U,”’ et 
+ Three spans of 3 ft each. 
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needed, it was stored in the room prior to being 
fabricated long enough for its moisture content to 
become fairly uniform. At the beginning of the 
project, steam was injected into the room until the 
concrete walls of the storage room were saturated 
and moisture conditions became constant. The walls 
were subsequently maintained in a saturated con- 
dition. The humidity in the room was usually 
somewhat higher than that in the laboratory and 
the material received no further seasoning before 
testing. Lumber stored in this room for Series A 
tests averaged from 18 to 21 percent moisture 
content. Two slabs were stored in the laboratory 
outside of this controlled-humidity room to deter- 
~mine the effect of the change of moisture content 
on the slabs. While results indicated an increase in 
strength with a decrease in moisture content, tests 
were too few to be conclusive. Slabs of Series B, C, 
and D were of air-dried lumber which ranged be- 
tween 9 and 12 percent moisture. 

All of the slabs in the Series A tests had 5 
laminations, although two preliminary tests were 
made with slabs 15 laminations wide. These two 
latter tests indicated that the 5-lamination slab 
was satisfactory for the nailed specimens, with the 
3-ft spans used in the Series A tests, and that little 
was gained by increasing the width. The bolted 
and doweled specimens were made of the same 
width for comparative purposes. The Series B and 
C slabs were either 5 or 9 laminations in width 
with the exception of one Series B slab which was 


) Fasteners 

Size Kind Location 
40d nails 18” stagger 
40d nails 9” stagger 
40d nails 18” stagger 
40d nails 9” stagger 
40d nails 18” stagger 
40d nails 9” stagger 
40d nails 18” stagger 
40d nails 9” stagger 

4 bolts 18” stagger 
1 bolts 18” stagger 
V 4 bolts 18” stagger 

4” bolts 18” stagger 

Ne bolts toothed rings, 18” ctrs. 
My” bolts 18” stagger 
solid 
a4” bolts 18” stagger 
34” bolts 18” ae 
40d nails 18” stagger 
40d nails 18” stagger 
40d nails 18” stagger 
40d nails 9” stagger 
40d nails 9” oat 
40d nails 9” stagger 
40d nails 18” stagger 
40d nails 18” stagger 
30d nails 18” stagger 
30d nails 18” stagger 
30d nails 9” stagger 


only 3 laminations wide. The spans used in the 
Series B slabs were 3 ft and 6 ft, while all of 
the Series C slabs were of 6 ft spans. Two solid 
slabs consisting of 4 in. x 10 in. pieces of yellow 
pine were included in the Series A tests, and one 
solid slab consisting of a 5% in. x 14% im. piece of 
Douglas fir was included in the Series C tests. All 
slabs were 6 in. longer than the span lengths at the 
time of testing. In some cases where difficulty was 
experienced with the end splitting of the wood by 
the fasteners when the laminations were being 
assembled, the laminations were made 1 ft longer 
than the span length, but the length was reduced 
after the slab was completed by cutting off 3 in. at 
each end. 

In the Series D tests, each slab was composed 
of 21 laminations. Three tests were made on each 
slab for each of three span lengths, 6 ft, 4% ft, and 
3 ft, the three tests being with the loads applied to 
first 5, then 3, and then 1 lamination, respectively. 
Each slab was therefore tested nine times under 
different conditions. The reason for this order of 
loading of the laminations was to prevent having to 
relevel the loading area after each test was finished. 
The span was reduced each time after the slab had 
been tested under the three conditions of loading 
by cutting 1 ft, 6 in. from the same end of the slab. 
This procedure was followed instead of cutting 
equal amounts from both ends so that strain meas- 
urements could be taken at sections which had been 
strained as little as possible in the preceding test. 
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Fig. 1. Photograph of Apparatus for Series D Slab Tests 


5. Fasteners and Fastener Patterns 

In the Series A tests, three types of fasteners 
were used. The first type consisted of 30d nails (4% 
in. long and 0.20 in. in diam). They projected 
through 214 full 2-in. laminations. The second type 
consisted of °4¢-in. bolts made of cold-rolled steel. 
One %-in. and one %¢-in. standard cut washer 
were placed at each end of each bolt. The nuts on 
the bolts were tightened until the washers began to 
sink into the wood. The third type consisted of pipe 
dowels with %-in. external diam. The holes bored 
to receive the bolts and the dowels were of the same 
size as the bolts and dowels which they were to 
receive. The bolts and dowels of course passed 
completely through the specimen. The projecting 
ends of the dowels were split, splayed out, and 
pounded down with a hammer to form crude 
flanges which would hold the laminations snugly 
together. 

Three types of fasteners were also used in the 
Series B tests. The first type consisted of 30d nails 
of the size noted in the previous paragraph and 60d 
nails (6 in. long and 0.26 in. in diam). Since the 
laminations of the Series B slabs were 15% in. thick 
instead of 2 in. as was the case with the Series A 
slabs, a 30d nail penetrated 234 laminations instead 
of 2% laminations. For comparative purposes, the 


30d nails in the first two slabs of Series B were 
shortened to 3% in. so that they would penetrate 
only 214 laminations. The second type of fastener 
consisted of cold-rolled bolts which varied in diam 
from 4¢ in. to 1 in. Suitable washers were provided 
under the nuts, and the nuts were tightened until 
the washers compressed the wood fibers. The holes 
were bored the same size as the bolts. The third 
means of connecting the laminations was to provide 
a 34 in. x 1 in. tongue and groove connection, as 
shown in Fig. 2. The tongue was formed along the 
sides of the lamination by using over-size lumber. 
Clamps, bolts, or nails were used to hold the 
laminations together. 

In the Series C slabs, three types of fasteners 
were used. Most of the slabs were nailed together 
with 40d nails which had a length of 5 in. and a 
diam of 0.22 in., but some of the slabs were bolted 
together with cold-rolled bolts % in., 34 in., or 1 in. 
in diam. In one slab, C3, toothed ring connectors 
were used with 14-in. cold-rolled bolts. All holes 
were bored the same size as the bolts. Suitable 
washers were used, and the nuts were tightened to 
fit snugly. 

In the Series D slabs, only two kinds of fasteners 
were used, 30d and 40d nails. For 15% in. x 35 in. 
laminations, 30d nails with 1-in. edge distance were 
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Fig. 2. Seana of Lamination with 
Tongue and Groove, Slabs B16-B18 


used; and for 15 in. x 5°¢ in. laminations, 40d 
nails with 114-in. edge distance were used. 

In making a nailed specimen in any of the four 
test series, 2 laminations were first placed together 
and the nails were driven according to the desired 
pattern — usually staggered with an edge distance 
of 1 or 144 in. The next lamination was then set 
in place and spiked in the reverse pattern so that 
the nails would not hit the heads of those previously 
driven. This procedure is illustrated in Fig. 3. A 
bolted slab, and a bolted slab with toothed ring 
connectors, are also shown in Fig. 3. In general, all 
types of fasteners (nails, bolts, and dowels) were 
placed in a regular pattern, staggered between the 
top and bottom of the laminations. If the fasteners 
were 9 in. apart horizontally, they are referred to 
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Fig. 3. Drawing of Typical Fastener Patterns 
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Fig. 4. Drawing of Fastener Patterns, Series A 


as having a 9-in. stagger spacing. Several special 
spacings were used in the Series A slabs. They are 
designated as patterns T, U, V, W, X, Y, and Z as 
shown in Fig. 4 and tabulated in Table 2. A special 
nailing pattern was used on Slab B23 which is 
designated as the Washington State pattern because 
it follows a specification of the Washington State 
Highway Department which was in use at the time 
of the tests: “Each strip shall be spiked to the 
adjacent strip at intervals of not more than 2 feet, 
the spikes being staggered 8 inches in adjacent 
strips.” In building this slab the nails were not 
staggered between the top and bottom but were 
driven along the neutral axis of the lamination. 

In the Series D slabs, just two nailing patterns 
were used, 9-in. and 18-in. staggered spacings. The 
nails for this series were placed 1 in. from the top 
or bottom edge for the 2 in. x 4 in. laminations and 
114 in. for the 2 in. x 6 in. laminations. 

As stated above, the descriptions of all the slabs 
of the four series tested are summarized in Table 2. 
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Fig. 5. Drawing of Miscellaneous Instruments and Equipment 


In the mark used to identify the specimen (the 
Slab number) the letter preceding the number indi- 
cates the series to which it belongs. 


6. Gage Points 

Since it was impractical to use gage holes drilled 
in the wood, it was necessary to find some device 
in which a gage hole could be drilled and which 
could be securely fastened in the desired position. 
In the Series A tests, a %-in. roofing nail was used 
with a small hole drilled in the head and part way 
into the shank, the hole being reamed to provide a 
good contact for the points of the measuring instru- 
ment as has been described. This device gave good 
results where the determination of deflections was 
concerned, but the results obtained from measured 
strains with this type of point were not completely 
satisfactory. When the pressure necessary to ob- 
tain a satisfactory strain reading was applied, the 
nail was subject to some movement because of in- 
sufficient bearing against the fibers of the wood 
which had been disturbed in driving the nail. There 
were other undesirable features. It was difficult to 
drive the nail in exactly the desired position be- 
cause of its tendency to drift along the annual ring, 
and it was difficult to drill the gage hole so that it 
was included in the shank of the nail. 


For the Series B tests a different and more satis- 
factory device was developed and used throughout 
the remaining tests. This is illustrated in Fig. 5a. 
It consisted of a small steel plate 4% in. x %4 in. x 
14, in. along the axis of which three holes were 
made with a No. 54 drill. Irregularities were re- 
moved from the edge of the center hole of each 
plate by placing the instrument shown in Fig. 5b in 
a drill press and forcing it down into the hole while 
rotating. The side so treated was marked to aid in 
identification. The other two holes in each plate 
were provided to receive 34 in. x No. 18 wire brads 
for attaching the plate to the slab. Each plate was 
secured to the specimen with its long axis perpen- 
dicular to the direction of strain so that the two 
brads would be located in fibers which were equally 
strained and which would not tend to change in 
dimension between the brads. Where the plates 
were to provide strain gage holes, they were spaced 
accurately by means of the spacing bar shown in 
Fig. 5c. These gage points gave satisfactory results 
for both strain and deflection measurements. 


7. Description of Testing Apparatus 

The tests of Series A were made with a 300,000- 
lb. Reihle testing machine arranged as shown in 
Figs. 6 and 7. In the Series B and Series C tests, 
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(b) Gage Points for Strain and Deflection Measurements 
Fig. 6. Drawing of Testing Apparatus for Series A 
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a 100,000-lb Olsen testing machine arranged as 
shown in Fig. 8 was used. In Series D also, the 
100,000-lb Olsen testing machine was used, but the 
apparatus was arranged differently in order to ac- 
commodate wider slabs, as shown in Fig. 1. 

For Series A tests, the load from the machine 
was applied through a knife edge attached to the 
moving head of the machine which bore on a plate 
at the mid-length of two parallel 15-in. I-beams, as 
shown in Fig. 6a. One end of these beams was 
supported on a knife edge attached to a cast iron 
block resting on one of the wings of the testing ma- 
chine, while the other end of the beams transmitted 
one-half of the load from the testing machine to the 
slab through a knife edge, the slab being supported 
on the other wing of the machine. The knife edge 
bore on a steel loading piece which was placed at 
the mid-span of the center lamination of the slab 
to be tested, as shown in Fig. 6a. The lower sur- 
face of the loading block was curved to a 2-ft 
radius to reduce the crushing of the fibers of the 
slab. The ends of the slab rested on plates which 
were supported on 114-in. round rods fastened to 
the top flanges of short 20-in. I-beams in turn sup- 
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Fig. 7. Photograph of Apparatus for Series A Slab Tests 
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ported across the wing of the machine as shown. 
The horizontal movement resulting from the stretch 
of the fibers on the lower side of the laminations 
was considered to be taken up by the slip of the 
specimen and by flexure in the webs of the support- 
ing I-beams. The resulting horizontal reaction was 
assumed to be very small because of the flexibility 
of the webs of the I-beam; thus it was neglected. 

Gage points were provided in the slabs for 
Series A by driving into the lower side of the slabs 
roofing nails with small holes drilled in their heads. 
The location of these gage points for strain and de- 
flection measurements is shown in Fig. 6b. Deflec- 
tions were measured by means of Ames dials as 
shown in the figure. Deflection readings were taken 
at the center of each lamination and at each end 
on each side of the bearing plates. The latter read- 
ings were necessary in order to correct the total 
deflection at the center for the compression of the 
fibers at the supports and thereby give values for 
the center deflections due to flexure only. 

The strains in the extreme tension fibers of each 
lamination were determined on a 4-in. gage length 
by using Berry strain gages with multiplication 
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factors of about 5. At the beginning and end of each 
set of readings, the strain gage used was checked 
against a standard bar. 

The tests on the Series B and C slabs were made 
on a 100,000-lb Olsen testing machine with the 
slabs directly under the head of the testing 
machine as shown in Figs. 8, 9, and 10. The arrange- 
ment for measuring deflections was more elabo- 
rate and more accurate than that used for the 
Series A tests which have just been described. The 
span length, either 3 or 6 ft, was kept constant by 
two 1-in. tie rods pinned to the top flanges of the 
I-beam supports. In the Series C tests, small diam- 
eter rollers in addition were provided under the 
plates on which the ends of the slabs rested to avoid 
any possibility of a horizontal force at the end 
bearings of the slabs. In the Series B slabs there 
was no such provision. The effect of the restraint 
caused by the 1-in. tie rods was, doubtless, to de- 
crease slightly the deflection and thus to increase 
slightly the calculated modulus of elasticity, but 
there probably was no appreciable effect on the 
effective number of laminations. 

In the Series B slabs with 3-ft spans, the load 
was applied to the slabs with the same loading 
block used in the Series A tests. The crushing of 
the fibers under this block was considered excessive, 
so in the 6-ft span tests a rectangular steel block 


Fig. 8. Photograph of Apparatus for Series B Slab Tests 


12 in. x 1 in. x 1% in. was tried, laid flat on top of 
the loaded lamination. This may be seen in Fig. 8. 
In the Series C tests, the slabs were loaded with the 
same steel loading block with a 2-ft radius as was 
used in the Series A tests, but a strip of No. 16 gage 
sheet steel 154 in. wide was placed between the 
loading block and the lamination. The loading 
block in use may be seen in Fig. 10. The Series C 
slabs with 3-in. laminations (actually 2% in.) were 
loaded with a maple block 2° in. wide having a 
radius of 2 ft. 

Resting directly on the bearing rods which car- 
ried the ends of the slabs was the apparatus, shown 
in Figs. 8, 9 and 10, to which all deflection measure- 
ments were referred. This device consisted of a 
frame built of two 244 in. x 244 in. x %¢@ in. angles 
supported at the ends by the 114-in. round rods 
and carrying flat horizontal bars provided with 
gage holes to receive one of the points of the de- 
flection gages. One of these flat bars was placed at 
each end of the span in such a position as to be 
above the slab and in the vertical plane containing 
the axis of the bearing rod. This arrangement was 
superior to that used for the Series A slabs, for 
only half as many readings were necessary to de- 
termine the correction for compression of the slab 
at the supports, and the computations were also 
simplified. Three flat bars containing gage holes 
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Fig. 10. Photograph of Apparatus for Series C Slab Tests 
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were carried by 2 in. x 2 in. x 4 in. angles which 
were suspended below the main frame, one being 
located below the center of the slab and one below 
each quarter point. The gage holes were drilled with 
a No. 54 drill with the irregular edges of the holes 
removed with a small countersink. The gage holes in 
these five bars were placed so that they would come 
directly over or under the gage holes located along 
the center lines of the laminations. This apparatus 
was in an unstressed condition at all times during 
the testing of a slab, and for that reason was 
superior to the arrangement used in testing the 
Series A slabs where any compression of the I-beam 
supports was reflected in the deflection readings. 
The deflections were measured at the center of the 
slab, at the quarter points, and over the supports. 
In the Series C tests, two slabs (C16 and C17) 
were tested under loads in which the load was alter- 
nately applied and removed. The same loading 
block was used for these tests as for the other 
tests of this series. Three additional slabs (C18, C19, 
and C20) were tested in which the load was moved 
from one lamination to another; special loading 
blocks, shown in Fig. 9, were used for these tests. 
They were of maple, 1%¢% in. thick, and curved on 
an 18-in. radius. The actual transfer of a load from 
one lamination to another was accomplished by 
means of the 1-in. threaded rods illustrated in 
Fig. 9. These rods passed through a tapped plate 
fastened to the underside of the pulling head of the 
testing machine and extended up through the slot 
in the pulling head. The end of each rod carried a 
short length of % in. x 1 in. cold rolled steel which 
could be foreed down on one of the maple loading 
blocks. By turning one screw down and another up, 


“it was possible to remove the load from one lamina- 


tion and apply it to another. The amount of 
turning required depended on the slip between lami- 
nations and the crushing of the wood under the 
loading block. 

The tests on the Series D slabs were also made 
on the 100,000-lb Olsen testing machine with the 
load from the machine transmitted to the slab 
through a loading beam similar to the one used in 
Series A, but consisting of two 12-in. I-beams as 
shown in Fig. 1. The test specimen rested on rollers 
on the top flange of two short 15-in. I-beams. The 
slabs in Series D were loaded with curved steel 
loading blocks with a 2-ft radius. These blocks were 
of three widths, 114 in., 45 in., and 734 in., and 
were used for tests in which 1, 3, or 5 laminations 
respectively were loaded. Strain-gage points were 
set in the bottom of the slab 2 in. on each side of 
the center line in each lamination. No deflection 
measurements were taken for this series of tests. 

Berry strain gages were used to measure strains 
in all series. The gage lengths, the multiplication 
ratios, the conversion factors, and the numbers of 
the slabs on which each gage was used are listed 
in Table 3. 


Table 3 
Strain Gage Factors for Slab Tests 
Series Slab No. Gage Multiplication Conversion 
Length Ratio Factor* 
(in.) 
A 1-27 4 7.63 30.52 
B ose 4 TAQ 28.48 
B 3-30 4 doll 20.44 
B 31, 32 4 5.36 21.44 
Cc 1-3) oy Gye 4 5.20 20.80 
C 4, 7-10, 12-15 4 5.38 21Fo2 
D - 4 5.28 21.13 


= 4 * To convert a dial reading to a unit strain, divide by the Conversion 
actor. 


Ill. DEVELOPMENT OF TESTING PROCEDURE 


8. Control Tests 

The following four standard control tests were 
used in this investigation: the determination of the 
modulus of elasticity in bending, the moisture con- 
tent, the specific gravity, and the strength in com- 
pression perpendicular to grain. Not all of these 
tests were run for all specimens. 

Flexural Tests. The control specimens in flex- 
ure in the Series A group of tests were made in 
accordance with the recommendations of the Ameri- 
can Society for Testing Materials (Designation 
D143-27), Testing Small Clear Specimens of Tim- 
ber. The ultimate strength in bending was obtained, 
and the modulus of elasticity and proportional limit 
were determined, from the deflections of a 2 in. x 
2 in. beam on a 28-in. span with a single concen- 
trated load at the center. The average values of the 
moduli of elasticity and of the other strength prop- 
erties obtained in this way were used in the studies 
made in this series of tests. 

For the tests of Series C and D, a different pro- 
cedure was followed. The actual laminations were 
tested in flexure to determine their moduli of elas- 
ticity in bending prior to their being fabricated 
into a slab. The apparatus had to be revised to 
accommodate the full-size laminations in place of 
the standard flexure specimens of 2 in. x 2 in. x 
30 in. dimensions used in connection with Series A 
tests. The apparatus shown in Figs. 5d and 11 was 
-used to determine the properties of individual lami- 
nations in bending. The same I-beams that were 
used in the tests of slabs were used to support the 
single laminations. Loads were applied at the third 
points by means of two curved maple loading blocks 
attached to a 4-in. I-beam, which was acted upon 
midway between the blocks by the pulling head of 
the testing machines. In all except the first three 
specimens of Series C, strains were measured by the 
special 16-in. strain gage shown in Figs. 5e and 11. 
It was provided with clamps for fastening it to the 
piece being tested. The details of these clamps 
show that the necessary freedom of motion was 
provided. An Ames dial graduated into thousandths 


of an inch was used on this instrument. There were 
no multiplying levers so that the strain was meas- 
ured directly. 

For Series D slabs, a 3-ft span was used in test- 
ing 2 in. x 4 in. laminations individually in bending, 
and a 6-ft span was used for the 2 in. x 6 in. lami- 
nations. The reason for using these two spans was 
the difference in stiffness of the two members. On 
the bottom of each lamination and spaced 2 in. each 
side of the center were placed the 4 in. x ¥% in. 
x Ye in. steel tabs for strain-gage points which 
have been described. Each lamination was mounted 
so that it was simply supported, and the load was 
applied at the center by means of the 114-in. width 
loading block. An initial load of approximately 
300 lb was applied to the member because of the 
weight of the apparatus. The strains resulting from 
this load were taken as the zero load readings. Six 
additional readings were taken, the first increment 
being 600 lb and the remaining five, 150 lb each. 
Strains were measured with a 4-in. Berry-type 
strain gage. From these data, load-strain curves 
were plotted and the modulus of elasticity in bend- 
ing determined. 

Compression-Perpendicular-to-Grain Tests. The 
apparatus used in performing compression-perpen- 
dicular-to-grain tests for Series C slabs is shown 
in Fig. 12a. These tests were made in conformance 
with the standard procedure of the American So- 
ciety for Testing Materials. The device in Fig. 12a 
has a multiplication ratio of two. An Ames dial was 
used to measure deformations. Although the dimen- 
sions of standard test specimens are 2 in. x 2 in. x 6 
in., it was not possible to obtain specimens of this 
size from laminations which were 1% in. thick. 
Specimens from nominal 2-in. laminations were 1% 
in. x 2 in. x 6 in., and specimens from nominal 3-in. 
laminations for convenience were 25, in. x 2 in. xX 
6 in. The loads were applied in 100-lb increments 
until a deformation of about 0.1 in. had been 
reached. The speed of the testing machine in apply- 
ing the load for these tests was 0.057 in. per min. 
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Fig. 11. 


Moisture Content Tests. Moisture specimens 
of the wood used were tested according to the 
standard procedure. A constant-temperature elec- 
tric oven maintained at approximately 105° C was 
used. The test specimens were usually 2 in. in length 
along the grain, although some were 1 in. in length. 
The specimens were cut at least 12 in. from the end 
of the stick. They were weighed immediately after 
selection, dried to constant weight, and then re- 
weighed. The percentage of moisture was calculated 
based on the oven-dry weight. In most cases mois- 
ture contents were determined only for the center, 
critical, laminations. 

Specific Gravity Tests. The specific gravity 
was determined according to standard procedure 
on a specimen dried in a constant-temperature elec- 
tric oven to constant weight. The block, warm from 
the oven, was coated with a thin layer of paraffin 
to prevent absorption of water, and then its volume 
was determined by immersion. The apparatus used 
for this volume determination for Series C slabs is 
shown in Fig. 12b. 


Photograph of Apparatus for Flexure Control Tests 
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9. Slab Tests 

A few preliminary slabs were tested for explor- 
atory purposes at the beginning of the investiga- 
tion. The results of these tests are not included in 
this Bulletin. They were used to judge the variables 
that would be encountered, the procedure to be fol- 
lowed in testing, the number of measurements to 
be taken, and the size of specimen needed. The first 
tests were made on slabs 15 laminations wide, but 
after considerable study it was decided that slabs 
with a smaller number of laminations, simply sup- 
ported, would make possible a good comparison of 
the relative value of various types of fasteners and 
would involve much less labor in fabrication and 
testing than wide, continuous slabs. It was realized, 
of course, that such slabs would give only approxi- 
mately quantitative information concerning the 
load distribution of the wide slabs of actual struc- 
tures, and that the simple spans adopted would not 
necessarily give the same distribution as the con- 
tinuous slabs in general use. 

Series A slabs were all 5 laminations wide and 
Series B and Series C slabs were either 5 or 9 lami- 
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nations wide, thereby permitting a direct compari- 
son of Series A slabs with the wider slabs. Series D 
slabs were 21 laminations wide. Two solid slabs 
were tested in Series A and one in Series C. One 
slab that was only 3 laminations wide was tested 
in Series B. ; 

Due to that property possessed by wood of con- 
tinuing to deform under a constantly applied load, 
the load on the slab fell off somewhat while each set 
of readings was being taken. In order to allow for 
this change in load, the load at the beginning and 
at the end of each set of readings was observed. 
The average of these two values was considered as 
the load on the slab for that set of readings. 

In the first exploratory tests for determining de- 
flection, it was considered necessary to measure 
only the center deflections of the laminations. It 
was found that the resulting curves were unbal- 
anced and seemed to give much greater deflections 
at the lower loads than were thought actually to 
occur. Unevenness in bearing at the supports among 
the laminations and the effects of crushing across 
the grain were believed to be responsible for this 
condition; and, as stated previously, in subsequent 
tests measurements were made of this crushing ac- 
tion at the supports, and a correction was applied 
to the center deflections. Furthermore, after fabri- 
cation, the later specimens were planed level at the 
support bearings, thus eliminating the unevenness 
at this point to some extent. This unevenness may 
be explained by the possibility that, as the speci- 
men is nailed together, one lamination might be 
pulled tighter at the top than at the bottom, and 
therefore a slight rotation of that lamination and 
those following would occur. Again, although the 
“pieces were held in a clamp while being nailed, 
there might be enough spring remaining in the 
fibers to move the laminations after the clamps 
were removed. If the specimens were made some 
time before testing, there was a tendency for them 
to warp due to change in moisture content. This, 
also, would cause unevenness of bearing. In any 
case, eliminating the effect of crushing at the sup- 
port seemed to correct the major part of this source 
of error. 

Preliminary tests and studies showed that the 
measurements of deflections of the laminations were 
useful in visualizing the action of a slab under load. 
The individual laminations were acted upon by in- 
termediate reactions of uncertain magnitude pro- 
duced by the fasteners between the laminations. It 
was not feasible, therefore, to use the deflection 


DISTRIBUTION OF CONCENTRATED LOADS BY LAMINATED TIMBER SLABS 


21 
Ames Dial 
+ 
, 
L a 
a age pare 
Stondard 


Compression Specimen 


F Ball Bearing 
Loose Fit 


Front Elevation 


Side Elevation 
(a) Compression Perpendicular to Grain Tests 


a Water Surface 
Steel block 


(b) Specific Gravity Tests 


Fig. 12. Drawing of Apparatus for Control Tests 


measurements to compute the forces acting on vari- 
ous parts of the laminated slab or the effective 
number of laminations. 

In making this study, a criterion for comparison 
of the various slabs had to be established. One 
which naturally suggested itself was that of com- 
paring the maximum loads carried by the various 
slabs with the strength of a single lamination and 
with that of a solid slab. This would have been the 
simplest criterion, but it is unsatisfactory for the 
following reasons: (1) It gives little if any indica- 
tion of the effectiveness of the fasteners within the 
range of working loads for, when the ultimate 
strength is reached, the fasteners have been so bent 
and distorted that their effectiveness bears little 
relation to that which prevails under working con- 
ditions. Consequently, it was considered that the 
action of the slab under working conditions was 
more significant than ultimate strength. (2) The 
ultimate strength is determined to a large extent by 
the properties of the timber and the defects in each 
piece. Accordingly, if the eriterion based on maxi- 
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mum loads were to be used, it would have been de- 
sirable to have all the laminations in a given slab 
possess properties much more nearly uniform than 
is possible in any standard lumber grade. Such a 
close selection of the material is not feasible even 
in a laboratory procedure. 

The possibility of using strain measurements 
for obtaining stresses in a slab was investigated and 
found much more satisfactory than the use of de- 
flections. From the measured unit strains and from 
the calculated unit stresses, the modulus of elas- 
ticity could be calculated. Furthermore, the meas- 
ured strains gave a direct and accurate criterion 
for determining the effective number of laminations. 

In the Series A and Series B tests, the modulus 
of elasticity determinations by control tests were 
not made for individual laminations. Tests were 
made, however, to determine an average value for 
the wood used. In the Series A tests, the modulus 
of elasticity for yellow pine was taken as 1,600,000 
psi and for redwood, 1,200,000 psi. In the Series B 
tests, for Douglas fir it was taken as 1,900,000 psi. 
In the Series C and Series D tests, the actual modu- 
lus of elasticity in bending was measured for each 
lamination by control tests. 


10. Determination of Flexural Properties 

In order to convert measured strains into unit 
stresses, it is of course necessary to know the modu- 
lus of elasticity of the material where each strain 
was measured. To determine the value of the modu- 
lus of elasticity for a lamination, that lamination 
was loaded at the third points, the unit stresses in 
the central portion of the span was calculated, and 
the unit strain in that portion was measured. The 
first value divided by the second gave the modulus 
of elasticity, if the usual assumptions which govern 
the flexure formula apply. As has been stated, in 
the Series A and B tests, since each slab was com- 
posed of several laminations whose moduli of elas- 
ticity vary somewhat and since the primary object 
of the tests was to secure a value for the effective 
number of laminations for each slab, it was con- 
sidered sufficiently accurate to use an average 
modulus of elasticity in all calculations. 

In the Series C tests, the reactions on the fast- 
eners were to be studied in addition to the effective 
number of laminations. This required that the 
stress distribution along each lamination be known. 
To secure results which were sufficiently accurate to 
determine fastener reactions, it was found to be 
necessary to use the actual modulus of elasticity 


‘of a lamination to convert the measured strains 


along that lamination into unit stresses. Therefore, 
in the Series C tests, the actual modulus of elas- 
ticity in the central portion of each lamination was 
determined. This value was assumed to apply 
throughout the length of that lamination. 

In order to determine whether or not the meas- 
ured strains along the length of a lamination could 
be depended upon to yield sufficiently accurate 
values for the distribution of the unit stresses along 
that lamination from which the magnitude of the 
bending moment and shear at any point could be 
determined, a single lamination was tested under 
various conditions of loading as shown in Fig. 13. 
The lamination was 15% in. x 5%% in. in cross-section 
and had a span of 6 ft. On the underside of this test 
piece was placed a continuous line of strain gage 
points using a gage length of 4.00 in. As indicated 
in Fig. 13, one test was run with a concentrated 
load at the center of the span, and three tests were 
run with two symmetrically placed loads at differ- 
ent spacings. In each case, an initial load of about 
125 lb was applied to the beam, and a complete 
set of strain-gage readings was taken. Duplicate 
readings were taken and were required to check 
the first ones within a tolerance of approximately 
0.000025 in. per in. The first load and the corre- 
sponding strain-gage readings were taken as the 
zero readings. Two other loads, one about 500 lb 
greater and the other about 1000 lb greater than the 
initial load, were applied and strain-gage readings 
taken as before. The resulting strain measurements 
were plotted to give the curves shown in Fig. 13 
for the various types of loading used. The multipli- 
cation ratio of the strain gage was 5.20, and since 
the gage length was 4 in., the “strains” plotted in 
the figure are the true unit strains multiplied by 
20.80. As might be expected, the general trends of 
these curves agree fairly well with the theoretical 
strain curves. Modified strain curves, shown dotted 
in Fig. 13, were drawn following the general trend 
of the actual curves but consisting of straight lines 
between load points. These resulting curves indicate 
that, if the strain curves and the relation between 
bending moment and strain were known for each 
lamination, the distribution of flexural stresses 
throughout a slab might easily be obtained. Studies 
making use of this relationship are discussed later. 

In Series C tests, in order to carry out the above 
procedure each individual lamination before being 
assembled into a slab was tested to determine the 
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—o—o— Actual Strain Curve —---Moditied Strain Curve 


Note: Strains are dial readings and are unit-strains multiplied by 20.80 


P =/030 |b 
P=550 Ib 


P= 960 Ib 
P= 530 Ib 


Fig. 13. Strain Curves for a 2 in. x 6 in. with Concentrated Loads 


relation between bending moment and strain. This 
was done by loading each piece at the third points 
of the 6-ft span and measuring strains at the center 
portion of the span where the beam was subjected 
to a constant bending moment. In testing the lami- 
nations of the first four slabs of Series C, an initial 
load of about 125 lb was applied to each piece and 
a set of strain-gage readings was taken and 
checked. Strains were measured with the same 
strain gage that was to be used in the tests of the 
actual slabs. Four 4-in. gage lengths were employed 
since, from the preliminary tests, it was found that 
“there are slight variations in strain, even if the 
bending moment is constant. Loads were increased 
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im approximately 400-Ib increments, and strain 
readings were taken for each load. The strains thus 
measured over the four gage lengths were later 
averaged to obtain a value to be used in compu- 
tations. 

It was found that the procedure, with four 4-in. 
gage lengths, used for testing the first four slabs 
was quite time consuming; therefore the special 16- 
in, strain gage, described previously and shown in 
Fig. 5e, was constructed to speed up the work. 
With this device clamped in place it was possible 
to load each piece continuously with one observer 
balancing and reading the beam of the testing 
machine, and another reading the strain gage and 
recording the data. In subsequent tests for 2 in. x 
4 in. laminations, loads were applied in 100-lb in- 
crements to a maximum of 900 lb to keep the stress 
well below the proportional limit of the material; 
for 2 in. x 6 in. laminations, 200-lb increments to 
a maximum load of 1900 lb were used; and for 3 in. 
x 6 in. laminations, 200-lb increments were used 
to a maximum of 2500 lb. In each of these cases, a 
load of 100 lb and the corresponding strain read- 
ings were taken as the zero readings. In all tests, 
the load was applied by the testing machine at a 
speed of 0.12 in. per min. All pieces were tested so 
that the edge in compression would be on the com- 
pression side of the slab when assembled. Moreover, 
strains were measured on the top edge, or on the 
bottom edge, or on both edges, depending upon the 
required location of the gage points on the slab. In 
other words, if strains were to be measured on top 
of a lamination in the slab test, then strains were 
measured on top of that lamination in the control 
test. The data thus secured for the 16-in. length 
at the center of the piece were assumed to be 
applicable to any section of that lamination. 


IV. RESULTS OF THE INVESTIGATION 


11. Nomenclature 

The results of the tests of this investigation are 
summarized in the Appendix in tables and charts. 
The midspan strains for all slabs are tabulated in 
Tables 13-16, Appendix. These tables list also the 
calculated effective number of laminations and the 
modulus of elasticity for each load, the latter being 
determined from the relationship that H, = Xf/Xe, 
which is developed below. 

The following relationships were used in deter- 
mining the effective number of laminations and 
the values of the modulus of elasticity: 


b = thickness of one lamination 
c = distance from neutral axis to extreme 


fiber = d/2 
d = width of one lamination (the depth of the 
slab) 
€ = unit strain in any lamihation, assuming that 
the strain measured over a 4-in. gage length 
is uniformly distributed 
€m = Maximum unit strain in any lamination 
€, = average unit strain for all laminations 
E = modulus of elasticity of one lamination 
EH. = composite modulus of elasticity for slab 
f = unit flexural stress in any lamination 
fm = maximum unit flexural stress in any lami- 
nation 
fa = average unit flexural stress for all lamina- 
tions 
L = span length : 
Z = moment of inertia of one lamination = 12 
S = section modulus of one lamination = I/¢ = 
bd? 
6 
ee : : 
K = —-——~ = constant for a given value of L 
2) (oxo : 
and S 
M = applied bending moment 
N = effective number of laminations 
n = total number of laminations 
P = load applied to a slab 
Ye = summation of strains in the laminations of 
a slab for a given load P 
Ly = summation of unit stresses in extreme fibers 


of all laminations of a slab for a given load P 
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12. Determination of Modulus of Elasticity 

The average of the unit stresses in the extreme 
fibers of all laminations may be computed from 
the flexure formula as follows: 


Zf Mc 6M yn es 
fa = nm ni nba? nbd 4 
a. fe FP 
= ye a eee 1 
2 bd % ts n ee 
where K = 5 L/bd? and is a constant for a given 


span and for given laminations. The values of K 
for the spans and laminations used in this in- 
vestigation are given in Table 4. 


Table 4 
Values of K 
“ me ks 
Eh ie 
Actual Size of Span 
Lamination (in.) 8 fl 4\e ft 6 ft 
154x3% 2.53 3.79 5.06 
2x4 1.69 PASS 3.38 
154x55% 1.05 1.53 2.10 
2x6 ORT: Ls: 1.50 
254x5% anid ozs 1.30 


Having computed the average unit extreme fiber 
stress f, for a given slab with a given span and 
load and having determined, by measurement, the 
midpoint unit strain for each lamination when this 
load is applied to the slab, the composite modulus 
of elasticity of all of the laminations can be com- 
puted from the relationship 


,» _ average unit stress in 
o average unit strain —_ €, 
Kae Lissie 
Ean De @) 


where «, = Xe/n and Y«=the sum of the unit 
strains in all of the laminations. The modulus of 
elasticity determined in this manner is not the 
average of the moduli for all of the laminations 
because the laminations are not equally stressed. 
It corresponds to a weighted average. Since the 
center lamination is that which is most highly 
stressed, its modulus of elasticity has the most 
marked effect on the composite modulus, Next in 
order, so far as effectiveness is concerned, are the 
laminations adjacent to the center lamination. 


Bul. 424. DISTRIBUTION OF CONCENTRATED LOADS BY LAMINATED TIMBER SLABS 


The moduli of elasticity of the laminations in 
the Series A and B slabs were not determined ex- 
perimentally, but the composite moduli for the 
various slabs were computed by the procedure ex- 
plained above: For example, consider slab AQ, the 
data for which are given in Table 13 of the Appen- 
dix. It is seen that, for the five laminations when 
the load is equal to 3633, S<« = 297. Also 
Table 4, K = 1.69. Therefore from Eq. 1 


from 


_KP_ _ 1.69 x 3633 
De 0.00297 


as shown in the table. 
Similarly, for slab B20 in Table 14 of the Ap- 
pendix and for a span of 6 ft and a load of 2885 Ib 


i. 


= 2,060,000 Ib/sq in. 


p, — KP __5.06 X 2885 


Le 0.00598 


as shown in the table. 

For the Series C and D slabs, the modulus of 
elasticity of each lamination was determined in one 
ease, and for the 5 center laminations in the other 
cases. Since the center laminations carry most of 
the load they are the most significant ones for com- 
parison of the measured and computed moduli of 
elasticity. 


= 2,440,000 Ib/sq in. 


For slab D1 with eleven 2 in. x 6 in. nominal 
laminations, a span of 6 ft and a load of 2712 lb 


KP 210X2712 _ Ba 
Be = > = Hoag = 27630,000 Ib/sa in. 


It is seen that this value agrees very closely with 
the values of E for the laminations near the center 
of the slab. 


13. Determination of Effective Number of Laminations 

The effective number of laminations may be 
defined as the number of laminations which, if 
equally stressed by a given load, would have the 
_same computed carrying capacity as that obtained 
if the actual distribution of the load among the 
laminations were known and considered. 

This definition may be interpreted in the fol- 
lowing ways: 


Sum of midspan unit strains in all laminations for a given load 


wy. Maximum midspan unit strain in any lamination for the same load 
>> 
me 
xe (3) 
Sum of midspan deflections of all laminations for a given load 
sy Maximum midspan deflection in any lamination for the same load 
N Total load required to cause slab to fail 


Load required to cause a single lamination to fail 


25 


The results presented in this Bulletin are based 
on the first interpretation. Many readings were 
taken in an attempt to secure useful results in ac- 
cordance with the second interpretation but these 
were found to be more difficult and less satisfactory 
to execute. The interpretation is less rational than 
the first because the form of the bending moment 
diagram differs for the various laminations; and the 
midspan fiber stress is, therefore, not proportional 
to the midspan deflection. The load which was re- 
quired to cause each Series A slab to fail was de- 
termined by the third interpretation but was not 
considered satisfactory for reasons which are given 
later. 

The effective numbers of laminations for all of 
the slabs tested were computed from the midspan 
strains in the extreme fibers and are given in 
Tables 13 to 16 of the Appendix for various loads 
on each slab. For example, consider slab A2 in 
Table 1. From Eq. 3 above for a load of 3520 Ib 


De 354 
Nee mr rg gees 


€ 


as shown in the table. This value and the values 
of N for other loads on this slab are plotted in 
the first figure of the Appendix which gives the 
curve showing the relation between the load and the 
effective number of laminations for this slab. 

Since the effective number of laminations for a 
given slab and number of loaded laminations 
usually is different for loads of different magnitudes 
it is necessary to select a procedure for comparing 
the results. In this Bulletin the comparisons were 
made for loads which produced a maximum 
fiber stress of 1500 lb per sq in., which is in close 
agreement with any working stress which might be 
selected; thus the effects of the differences in work- 
ing stress on the effective number of laminations 
will not be significant. 

A summary of the effective number of lamina- 
tions obtained for all four series of tests and in- 
cluding a description of each specimen is shown on 
Table 5. The relationships between the maximum 
loads, the maximum fiber stresses and the effective 
number of laminations are shown by the lines, 
radiating from the origin, for various values of fy, 
on the charts in the Appendix. These relationships 
are expressed in the following formula: 


oeekOM a) ole mee BE 
Peony Nhe = 2 sho N 
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Table 5 
Average Values for Effective Number of Laminations for Slabs 


N determined for loads which produce fiber stresses of 1500 psi. WN’ is the equivalent number of 15é-in. laminations for same effective width as for 
8 


larger size laminations; for 2-in. laminations, N’ = 1% N. For 25-in. laminations, N’ = 1% N. 
Plein , 
Span Laminations Fasteners : Slab Laminations N N' 
(ft) No. Size Wood Size Kind Location ene Ba A Ay 
3 5 2x4 NGM 30d Nails 18” stagger Aye; 2 
3 5 2x4 WaR: 30d Nails 18” stagger, no end nails —"U" A 10, 11, 12 1 2 28 
3 is) 2x4 Was 30d Nails 2 grouped near center —‘‘T A 4, 5, 6 1 2 Ae 
3 a 2x4 abs 30d Nails 9” stagger ; Yi ote A7, 8, 9, 52, 53, 54 1 4 3 
3 5 2x4 Aes 30d Nails 9” stagger, no end nails —‘‘V A 13) 14, 25 : Se a 
3 5 2x4 RW. 30d Nails 9” stagger A 43, 44, 45 A 
3 5 2x4 Yee 30d Nails 3 grouped near center We A 16) U7s28, 5oyaG; on 234 3% 
3 5 2x4 RW. 30d Nails 3 grouped near center =. We A 46, 47, 48 1 3% 4 
3 by 2x4 Weee 30d Nails 6 grouped near center oar A 19, 20, 21 if 234 3% 
3 5 2x4 RW. 30d Nails 6 grouped near center —‘X A 49, 50, 51 1 a: 4 
3 5 2x4 YP: Ho” Bolts 18” stagger A 22, 23, 24 1 2% 3 
3 5 2x4 wes oe” Bolts 9” stagger - A 25, 26, 27 i 3% 4% 
3 5 2x4 Way 546” Bolts 3 grouped near center —‘‘W A 28, 29, 30 1 314 4 
3 5 Bxd ‘Yobe 546” Bolts 2 at center, 1 at each end —“Z”’ A 31,32, 33 1 3% 44% 
3 5 2x4 naa 2 4” Pipe 9” stagger A 37, 38, 39 1 234 Ay, 
8 5 24 YE. le” Pipe 3 grouped near center, 1 at each end —‘‘Y”’ A 34, 35, 36 1 3 334 
Es 5 2x4 eee wy" Pipe 2 at center, 1 at each end —‘‘Z”’ A 40, 41, 42 1 334 434 
3 a 4x10 YP: Solid Slab A 58 it 4 5 
3 5 1%x3% Dane 30d Nails (Cut short) 9” stagger Bl, 2 1 3 
3 5 154x354 OD.F. 30d. Nails 9” stagger B 3, 4,7 1 34 
3 5 154x3% D.F. 30d Nails 9” stagger, load released B 5, 6 il 234 
3 9 154x3% D.F. 30d Nails 9” stagger 1B ie 1 334 
3 5 1544x3%&% 1B IR6 1" Bolts 9” stagger B15 1 414 
3 5 1544x3% IDS Clamps Tongue & groove B 16 1 234 
3 5 154%x3% IB HIRE 30d Nails 9” stagger, tongue & groove BL i 3% 
3 5 1544x3% D.F. 54’6 Bolts 9” stagger, tongue & groove B18 1 334 
3 20 14%x3% PES 30d Nails 18” stagger D6, 7 1 3% 
3 21 15%x3% Wee 30d Nails 18” stagger Diva 3 54 
3 21 14%x3% Wars 30d Nails 18” stagger Di6; 7 5 8 
5 21 154x3% Wee 30d Nails 9” stagger D8 1 434 
3 21 1544x3% ees 30d Nails 9” stagger D8 3 534 
3 9 15%%x5% iD NE 30d Nails 9” stagger Bk 1 2% 
3 9 15%x5% D.F. 546" Bolts 9” stagger B 12 1 434 
3 9 1%x5% D.F. 60d Nails 9” stagger B14 1 5 
3 21 154%x5% APs 40d Nails 18” stagger D4,5 1 3% 
&! 21 1%x5% Nee 40d Nails 18” stagger D4,5 3 5 
3) 21 15%x5% ede 40d Nails 18” stagger D 4,5 5 7 
3 21 154x5% YP. 40d Nails 9” stagger bi, 2:3 1 34 
3 21 15%x5% We. 40d Nails 9” stagger 1D 24S} 3 6 
3 21 154x5% WAP; 40d Nails 9” stagger aD Nee! 5 844 
414 21 154x5% BY IPs 40d Nails 18” stagger D 4,5 1 2% 
4% 21 154%x5% Mes 40d Nails 18” stagger D4, 5 3 5 
4% 21 1544x5% Mes 40d Nails 18” stagger D 4,5 5 8 
4% 21 154x5% ¥P: 40d Nails 9” stagger [Be Ne ae 1 44% 
4 ba 154x5% Y.P. 40d Nails 9” stagger ED) er ee 3 734 
4% 21 1%x5% WAP: 40d Nails 9” stagger D1, 2,3 5 1014 
6 5 154x5% D.F. 30d Nails 9” stagger B 25 1 4 
6 5 154x5% ID: 30d Nails 18” stagger B 27 1 4 
6 5 154x5&% DE 40d Nails 9” stagger G24 1 4 
6 5 154x5% D.F. 40d Nails 18” stagger Gus: 1 334 
6 9 15x55 DF. 30d Nails 9” stagger B 26 1 6% 
6 9 1%x5% ID PANS 40d Nails 9” stagger C6 1 4% 
6 9 1544x5% D.F. 40d Nails 18” stagger C5,7 i 5 
6 9 154%x5% DR: 34"h Bolts 9” stagger B 28 1 514 
6 9 1%x5% D.F. 34"b Bolts 18” stagger Co. 12 ‘l 514 
6 9 1544x5% Di. 1’ Bolts 18” stagger C 10, 11 
6 21 15%x5% Ps 40d Nails 18” stagger D4..5 i ox 
6 21 15%x5% RAS 40d Nails 18” stagger D 4,5 3 3. 
6 21 15%x5% VPs 40d Nails 18” stagger D4, 5 5 10% 
6 21 1%x5% Ses 40d Nails 9” stagger Dt 2c 1 514 
6 21 15%x5% NHISE 40d Nails 9” stagger Dias 3 84 
6 21 154x5% Yes 40d Nails 9” stagger Dit; 23 5 10% 
4% 21 1544x3% Nees 30d Nails 18 ” stagger D637 1 234 
4% 21 1544x35% Das 80d Nails 18” stagger D6; 7 3 584 
4% 21 1%x3% Ye: 30d Nails 18” stagger D 6.7 5 8 te 
4 21 14%x3% paler 30d Nails 9” stagger D 3 
4% 21 154x3% NG 30d Nails 9” stagger D 8 : 7s 
4% 21 154x354 YP. 30d Nails ~—9”" stagger D8 5 1014 
6 5 154%x3% D.F. 30d Nails 18” stagger B 21 i 4 . 
6 5 14%x3% D.F 30d Nails 9” stagger B 19, 20 1 44 
6 9 1544x3% Disks 30d Nails 9” stagger Py 3 
6 9 15x35 DP 54"b Bolts 18” stagger B Ba 1 i 
6 9 154x3% D.F. 5A"b Bolts 18” stagger, tongue & groove B 30 1 734 
6 9 15x 3% IDI 40d Nails 9” stagger x C8 1 584 
6 5 154x3% DSB 30d Nails Washington State B 23 1 314 
6 21 154x3% BYiuea 80d Nails 18” stagger DIG) z 1 4 
6 21 14x3% Y.P. 30d Nails 18” stagger D6,7 3 734 
6 21 154x35% NaI 30d Nails 18” stagger D6,7 5 934 
6 21 154x3% YP. 30d Nails 9” stagger D8 1 74 
6 21 1544x3% Yee 30d Nails 9” stagger D8 3 9 . 
6 21 15%x3% YP. 80d Nails 9” stagger 
6 5 254x5% DRE: BQ" Bolts 9” aieaeee 7 a ; ee 
6 5 2%x5% Dd. PF. 34"b Bolts 9” stagger B 32 u rife i 
6 5 25%x5% D.F. 16" Bolts 18” stagger C14 1 4 oa 
6 5 254x552 Diy 16"> Bolts 18” stagger with Alligator Conn. C13 1 4g a 
6 1 1444 x5% DE Solid Slab @a5 i 634 (*) 
: 4 


* Slab divided into 9 strips for measurements. 
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the values of K for various span lengths and lami- 
nations of various sizes being given in Table 4. For 
example, for all the slabs in Series A, b = 2 in. 
d= 4 in, and L =3 ft, so K = 1.69. Equation 4 
may be written as follows: 


acl bi 
Ri ak 
Ford = 4 
4 ; 
Wis - 1.69 ipo = Qt ta 


and if fm = 1000, P = 2370; fm = 1500, P = 3550; 
fm = 2000, P = 4740 as shown in the figures. The 
heavy lines on the charts show the values of P 
for all values of N as obtained from Tables 13 to 
16 in the Appendix. The lines for f,, = 1000, 1500 
and 2000 are obtained from the relationships exist- 
ing in Eq. 4 as illustrated above. 

Various relationships between values from 
Tables 13 to 16 and Figs. 22 to 42 in the Appendix 
may be illustrated as follows: From Fig. 22, it is 
seen that, for slab A2, N = 2.5 for f» = 1500, and 
that for P = 3520 and N = 2 as in the preceding 
illustration, fn = 3000. From Table 1, it is seen 
font tore this slab, ¢, — 0.00176 im. and -L, = 
1,700,000 Ib. per sq in. Therefore, fn = em. Ee = 
3000 Ib/sq in. which agrees with the value obtained 
from Fig. 22. 


14. Series A 

The purpose of the tests in Series A was pri- 
marily to compare various patterns of fasteners and 
to select the more effective patterns for use in ad- 
ditional studies. These tests were not confined to 
types which could be made in the field, but it was 
desired to include the possibility of using factory- 
built units for floor slabs. As shown in Tables 1 and 
2, all slabs consisted of five full-sized 2 in. x 4 in. 
laminations. The span was 3 ft and the center lami- 

nation was loaded. 
In the Appendix, Table 13, is given a tabulation 
of the midspan strains in the extreme fibers for 
the slabs tested in Series A, the effective number 
of laminations, and the composite moduli of elas- 
ticity computed from the midspan strains. 

The effective number of laminations for each 
load on each slab in Series A is plotted in the 
Appendix. On the graph for each slab are also 
plotted the lines showing the relationships between 
maximum extreme fiber stresses of 1000, 1500, and 
2000 psi, the load on the slab, and the effective 
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number of laminations. As stated previously, any 
comparisons of the effective number of laminations 
for the various slabs and loads which are made in 
this Bulletin are for a maximum extreme fiber stress 
of 1500 psi, this being a reasonable average work- 
ing stress. All of the slabs in Series A were tested 
to failure, but slabs of subsequent series were tested 
mainly within the limits of working loads. 
Maximum loads are a poor criterion to use for 
the purpose of comparing the efficiencies of the 
various patterns of slab fasteners because they give 
little if any indication of the effectiveness of the 
fastener within the range of working loads. The 
maximum loads are of interest, however, and will 
be used in the discussions concerning the slabs 
in Series A. Table 6 shows the maximum loads 
for the slabs in Series A and the manner in which 
each slab failed. The majority of the slabs failed 
in tension, the center lamination usually failing 


first. Distinct cracking sounds of breaking fibers 
Table 6 
Maximum Loads on Slabs, Series A 
Slab Max. Load Manner of Slab Max. Load Manner of 
No. (Ib) Failure No. (Ib) Failure 
1 9,850 Tension 31 14,615 Tension 
2 9,100 Tension 32 18,400 Tension 
3 8,548 Tension 33 13 ,950 Tension 
4 9,480 Tension 34 15,3825 Tension 
5 8,760 Tension 35 19,535 Horiz. Shear 
6 10,225 Horiz. Shear 36 11,285 Tension 
ai 10,935 Tension BY A 12305 Horiz. Shear 
8 10,370 Horiz. Shear 38 12,690 Tension 
9 11,790 Horiz. Shear 39 ESaouo! Horiz. Shear 
10 8,420 Tension 40 12,790 Tension 
ulal 6,105 Tension 41 17,130 Tension 
12 8,835 Tension 42 23 ,635 Tension 
ils; 10,625 Horiz, Shear 43 9,425 Horiz. Shear 
14 10,735 Horiz. Shear 44 7,730 Horiz. Shear 
15 10,460 Tension 45 7,230 Horiz. Shear 
16 11,170 Tension 46 9,810 Tension 
17 14,435 Horiz. Shear 47 8,320 Horiz. Shear 
18 11,360 Horiz. Shear 48 11,375 Horiz. Shear 
19 18,900 Horiz. Shear 49 11,465 Horiz. Shear 
20 11,920 Tension 50 9,855 Tension 
21 15,100 Horiz. Shear 51 11,980 Tension 
22 13,795 Tension 52 9,420 Tension: 
23 10,685 Tension De 11,805 Horiz. Shear 
24 14,120 Tension 54 12,950 Horiz. Shear 
25 11,5385 Horiz. Shear 55 12,870 Tension 
26 13,090 Tension 56 14,335 Horiz. Shear 
27 14,500 Horiz. Shear 57 15,085 Tension 
28 12,790 Tension 58 17,955 Splitting 
29 17 ,560 Tension YD actus tans Tipping 
30 10,345 Tension 


and slipping nails could be heard for some time 
before total failure. The rupture of the center lami- 
nation threw more load on the adjacent lamina- 
tions, so that fibers which had not been stressed to 
the breaking point were progressively overstressed 
and then failed. When this type of failure occurred, 
the grain of the lamination was usually very 
straight. The load rarely increased after the break. 
In a few slabs, the center lamination had sloping 
erain and failed, as a result of this defect, by 
splinters breaking away from the body of the lami- 
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nation. These slabs nearly always gained in load 


after the first signs of distress. Several of the fail- 
ures which were recorded as tension failures might 
well have been recorded as primary shear failures. 
Continued loading of the slab which had partially 
or completely separated into two parts, along a 
horizontal plane, due to a shear failure usually pro- 
duced an ultimate failure in tension. Sometimes 
such failures were almost simultaneous. About one- 
third of the slabs failed in horizontal shear. These 
failures were of two types. A sudden loud “pop” 
usually was an indication of complete failure, which 
in most cases clearly showed in both ends of the 
distressed lamination. A dull, intermittent “pop- 
ping” indicated a slow progressive failure which 
was generally not complete; failures of this kind 
did not always show in the ends of the laminations. 

Slabs Al, A2, and A8 were tested with the most 
common nailing pattern in commercial use, an 
18-in. staggered spacing. Nails of 30d size were 
used. For this span there were only three groups 
of nails, one group being over each support and 
one group at the center of the slab. For the three 
slabs, the effective number of laminations was re- 
spectively 134, 2%, and 2, for an average of about 
2. A group of similar slabs, without the end group 
of nails, was tested for comparison. These slabs 
were A10, All, and Al2. This pattern is shown as 
“U” in Fig. 4. For these slabs, N was 134, 2, and 214 
respectively, for an average of 2, showing that the 
end nails used in Al, A2, and A8 contributed little 
if anything toward distributing the load from the 
loaded lamination to the unloaded laminations. 
The average maximum load for the three slabs with 
18-in. staggered spacing of nails was 9200 lb, as 
shown in Table 5, and the average maximum for 
the three slabs with the nails over the supports 
omitted was 7800 lb. Possibly the nails over the 
supports, while not contributing to the distribution 
of load at working stresses, do assist in distributing 
the load as the ultimate strength of the slab is 
approached. 

Since the end nails have so little effect at work- 
ing loads, another arrangement of nails was in- 
vestigated. Two nails were placed near the center 
of a lamination, 4% in. on each side of center line, 
but no nails were placed over the supports. This is 
pattern “T,” and slabs A4, A5, and A6 were con- 
structed this way. The values of N for these slabs 
were 2, 134, and 24% respectively, for an average of 
about 2. This shows that such an arrangement of 


nails is no better with respect to load distribution 
than the two previous patterns, and that all are 
approximately equal at working loads. The aver- 
age maximum load for these three slabs, as shown 
in Table 6, was 9500 lb. The difference between this 
load and the load for the 18-in. staggered spacing is 
not great enough to be significant. 

Six slabs were tested with a 9-in. staggered 
spacing of 30d nails. Slabs A7, A8, and AQ were 
tested at a moisture content averaging 18.8 per- 
cent, as shown in Table 7. Slabs A52, A53, and A54 


Table 7 
Average Moisture Contents of Slabs, Series A 
Slab Percent Slab Percent Slab Percent 
No. Moisture No. Moisture No. Moisture 
1 22.2 21 19.1 41 1Sa0 
2 22.2 22 20.8 42 17.4 
3 16.1 23 22.2 43 10.1 
4 20.7 24 22 44 8.6 
5 15.3 25 17.8 45 9.0 
6 19.8 26 18.2 46 8.6 
i 20.2 20 20.3 47 11.8 
8 19.8 28 19.9 48 8.8 
9 16.6 29 19.6 49 9.3 
10 18.5 30 17.4 50 11.3 
11 18.6 31 ees 51 9.0 
12 20.3 32 17.4 52 15.2 
13 22.1 33 15.9 53 14.7 
14 21.4 34 17.3 54 15.6 
15 16.9 35 19.8 55 16.4 
16 18.7 36 16.9 56 15.5 
17 19.2 Bil 18.3 57 15.5 
18 18.3 38 16.0 58 28.5 
19 20.0 39 17.8 59 40.0 
20 18.2 40 18.4 


were air-dried after being assembled to a moisture 
content which averaged 15.2 percent. The values 
of N for the six slabs were respectively 234, 2%, 
214, 34%, 214, and 24%. The different moisture con- 
tents did not significantly affect the load distribu- 
tion of the slabs, and the average N for the six slabs 
was about 234. This indicates that a 9-in. staggered 
spacing is more efficient in distributing the load 
than the previous patterns for which N was only 2. 
The average maximum load for the first three slabs 
of 9-in. spacing was 11,000 Ib, and for the second 
three, air-dried slabs, 11,400 lb. These results show 
that the ultimate strength for this pattern of nails 
is significantly greater than with the 18-in. spacing 
previously considered. Even though the air-dried 
slabs had warped and developed checks and open- 
ings between the laminations due to shrinkage of 
the wood, there was no reduction in the ultimate 
strength of the slab. 

Another group of three slabs was tested with 
9-in. staggered spacing of 30d nails, but with the 
group of nails over each support omitted. These 
were A138, Al4, and A15, for which N was respec- 
tively 3, 2%, and 3, the average being about 234. 
As in the slabs with 18-in. staggered spacings the 
end nails contributed very little toward distribut- 
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ing the load in the slab for this condition of loading. 
However, in a continuous slab or for conditions of 
loading other than in midspan, the nails over the 
supports may assist in distributing the load. The 
average maximum load for this group of slabs was 
10,600 lb. Apparently the omission of the end nails 
reduced the ultimate strength of the slabs slightly, 
as it did also with the 18-in. spacing previously 
considered. 

At this point, a group of slabs was tested to 
compare the effect of using redwood instead of yel- 
low pine, which was used in all of the slabs previ- 
ously described in this section. Slabs A43, A44, and 
A45 were made of five 2 in. x 4 in. full-sized red- 
wood laminations, connected by 30d nails on a 9-in. 
staggered spacing. The values of N were found to 
be 334, 24%, and 2% respectively, for an average of 
approximately 3. There is no appreciable differ- 
ence between this value for the effective number of 
laminations and that found for comparable yellow 
pine slabs, as described above, for which N was 234. 
The moduli of elasticity calculated from strains 
were slightly lower for the redwood specimens than 
for the comparable yellow pine specimens, as was 
to be expected. The average maximum load for 
these three slabs was 8,100 lb, which was consid- 
erably below that for the comparable yellow pine 
slabs. 

Another pattern of 30d nails was tried. Three 
nails were grouped near the center of the slab in 
what might be called 414-in. staggered spacing; 
this is pattern “W,” Fig. 4. Six slabs of yellow pine 
were tested with this arrangement, A16, A17, A18, 
A55, A56, and A57. The first three were tested at 
an average moisture content of 18.7 percent, and the 
‘second three were air-dried prior to testing to an 
average moisture content of 15.8 percent. The 
values of N were found to be 2%, 3%, 234, 24, 2, 
and 3, respectively, for an average of about 234. 
No significant difference can be shown for N for 
“the two moisture contents. The average value of N 
shows this arrangement of nails to be equally as 
effective as the 9-in. staggered spacing discussed 
previously and superior to the 18-in. staggered 
spacing. This arrangement would not be as satis- 
factory as the 9-in. staggered spacing, however, as 
the nails have more of a tendency to split the wood 
and weaken the slab when placed close together. 
The average maximum load for the first three slabs 
was 12,300 Ib, and for the second three slabs, it was 
14,100 lb. As noted in another case, the slab with 
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the lower moisture content had a higher ultimate 
strength. This closer grouping of nails also gave a 
higher ultimate strength than in the preceding 
tests described. 

Three additional slabs were constructed with 
the “W” pattern, using redwood instead of yellow 
pine. These were A46, A47, and A48, and the values 
of N were found to be 344, 3%4, and 3, for an aver- 
age of about 314. This is somewhat higher than for 
the similar series of yellow pine, for which the 
average value of N was about 234. It may be that 
the moisture content is partially responsible for 
this, as it averaged 9.7 percent for this group of 
redwood slabs, while it varied from 18 to 20 per- 
cent for the yellow pine slabs. The average maxi- 
mum load for this group of slabs was 9,800 lb, 
which was considerably lower than for the com- 
parable yellow pine slabs. This is the same relation- 
ship that was found in the preceding comparison 
of redwood and yellow pine slabs, with a different 
nail pattern. 

Three slabs were constructed with a nail pat- 
tern as shown in “X,” Fig. 4. The nails were 
grouped at a closer spacing than that described for 
the preceding tests. Six 30d nails were placed 
within 4% in. on each side of the center line of the 
slab. These slabs are designated as A19, A20, and 
A21. The effective number of laminations was re- 
spectively 214, 234, and 314, with an average of 
about 234. This pattern gave no better results than 
the previous tests with 3 nails grouped near the 
center, or with 9-in. staggered spacing, but it is 
superior to the 18-in. staggered spacing. The aver- 
age maximum load for this group of slabs was 
15,300 lb, which is the highest value found for the 
slabs thus far described. Apparently, up to some 
limit, a larger number of nails in a slab contributes 
to increasing its ultimate strength but does not 
improve the distribution of the load at working 
stresses. 

Another group of three slabs was tested with 
the “X” pattern, but with redwood laminations 
instead of yellow pine. These were A49, A50, and 
A51. The values of N were 334, 34%, and 2% 
respectively, for an average of about 314. This is 
the same difference that was noted between red- 
wood and yellow pine slabs for the “W” pattern, 
and the same difference in moisture contents be- 
tween the redwood and yellow pine prevails here 
as was noted in the previous comparison. The aver- 
age maximum load for these three redwood slabs 
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was 11,100 lb. This is much lower than the value for. 


comparable yellow pine slabs, 15,300 lb, and verl- 
fies the relationship found in the two preceding 
comparisons of redwood and yellow pine slabs. 
Though the kind of material in the slab does not 
ereatly affect the load distribution for a given 
pattern of fasteners, it does affect the ultimate 
strength of the slab significantly. 

As a group, the slabs with 6 nails near the 
center, pattern “X,” show a much more erratic 
behavior of the curve for effective number of 
laminations as plotted than do the other slabs. 
These slabs are A19, A20, A21, A49, A50, and A51. 
Most curves for the other slabs show a consistent 
relationship of a slight decrease in the effective 
number of laminations with an increase in load, 
but the principle does not hold true for this pattern. 
The nails are probably placed too close to avoid 
splitting and damaging the laminations. This is 
reflected in the distribution of the load as adjust- 
ments take place within the slab to transfer the 
stresses around the splits. This pattern showed no 
superiority when compared with similar slabs in 
which the nails were placed at a 9-in. staggered 
spacing, and the latter pattern is to be preferred 
because of the smaller tendency to split the wood, 
the fewer nails required, and its probable supe- 
riority in carrying loads placed elsewhere than in 
midspan. 

Further tests were made in Series A using 4 ¢- 
in. cold-rolled steel bolts and 14-1in. 0.d. pipe dowels. 
These are not used in laminated slab construction, 
but it was desired to investigate their possibilities 
as compared with nails. Bolts and dowels could be 
easily adapted to prefabricated construction. 

Three yellow pine slabs were made with the 
same dimensions as all of the previously described 
slabs, but with %4¢-in. bolts on an 18-in. staggered 
spacing. These were A22, A23, and A24. The values 
of N were respectively 2, 234, and 2%, for an aver- 
age of about 24%. This reveals a slight superiority 
over an 18-in. staggered spacing of 30d nails, for 
which N was 2, but it is not as good as a 9-in. 
staggered spacing of 30d nails, for which N was 
234. The average maximum load for these three 
bolted slabs was 12,900 lb. This is higher than for 
the 18-in. staggered spacing of 30d nails for which 
the load was 9200 lb, and for the 9-in. staggered 
spacing of 30d nails for which the average load was 
11,200 lb. The bolts therefore contributed more 
than the nails to the ultimate strength of a slab. 


Three bolted slabs were tested with a 9-in. 
staggered spacing of 54¢-Iin. bolts, Slabs A25, A26, 
and A27. The effective numbers of laminations for 
these were 314, 314, and 3%, with an average of 
about 3%. This was higher than the value for any 
comparable group of nailed slabs, for which N was 
234. The average maximum load was 13,000 |b. 

A group of three slabs with 4%4-in. o.d. pipe 
dowels was tested for comparison with the preced- 
ing group of bolted slabs. The pipes were placed 
on a 9-in. staggered spacing. These slabs were A87, 
A38, and A39. The values of N were 234, 2%, and 
3, with an average of 234. These slabs with dowels 
were not as efficient in distributing the loads as the 
comparable bolted slabs, for which N was 3%. They 
were no better than comparable nailed slabs, for 
which N was 234. The average maximum load was 
12,800 lb, approximately the same as that for the 
comparable bolted slabs and higher than that for 
the comparable nailed slabs. 

Three bolted slabs were tested with the 4 ¢-in. 
bolts placed in accordance with pattern “W”, with 
three bolts grouped near the center. These were 
A28, A29, and A830. The effective numbers of lami- 
nations for these slabs were 3, 334, and 344, for 
which the average was about 344. The value of NV 
for the comparable group of nailed slabs was 2%, 
but this bolted pattern was not quite as good as the 
9-in. staggered pattern of bolts for which N was 
314. The average maximum load was 13,600 lb. This 
is higher than the loads for the other bolted pat- 
terns, but the difference is not great. 

Another bolted series was tested with pattern 
“Z,” in which 2 bolts were placed at the center and 
one at each end of the slab. These slabs were A31, 
A382, and A383. The values of N were 2%, 4, and 334 
respectively, with an average of about 3%; this is 
the same as the value for a 9-in. staggered spacing 
of bolts and higher than the value for any nailed 
pattern. The average maximum load on these slabs 
was 15,700 lb, which is higher than for any pre- 
ceding group of slabs. 

A group of slabs was tested with \-in. pipe 
dowels used instead of bolts with pattern “Z.” 
These were A40, A41, and A42. The values of N 
were 334, 354, and 314, with an average value of 
about 3°4. This is higher than the value for any 
preceding group of slabs tested. The maximum 
loads for these three slabs were 12,790 Ib, 17,180 lb, 
and 23,635 Ib, as shown in Table 6. The average is 
17,900 lb. There is no obvious explanation for the 
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range of values, which is wider than for any other 
group of slabs. The average maximum load is higher 
than for any other group of slabs in this series. 

Another group of slabs constructed with V-in. 
pipe dowels was tested, using pattern “Y” in which 
three dowels are grouped near the center and one 
over each support; these slabs were A384, A35, and 
A36. The effective number of laminations was oy 
314, and 3 respectively, with an average of about 3. 
This value is only slightly higher than for the more 
effective patterns of 30d nails, and is not as high as 
the best arrangements for bolts or pipes. The aver- 
age maximum load for this group of slabs was 
15,400 Ib. 

A few additional slabs constructed with bolts 
were tested in Series B and will be described later. 
On the whole, the %.¢-in. diam bolts and %-in. 
o.d. pipe dowels give a somewhat better distribution 
of load on a slab than do the patterns of 30d nails. 
They increase the ultimate strengths of slabs con- 
siderably above the strengths of nailed slabs. How- 
ever, the superiority of these types does not seem 
great enough to justify their use in ordinary con- 
struction. The use of bolts or dowels presents many 
problems in the construction of slabs wider than 
those tested such as would be desirable in actual 
structures. 

Slabs A58 and A59 were solid yellow pine slabs 
of the same size as the laminated yellow pine slabs. 
Deflections were taken at points corresponding to 
those on the laminated slabs. Slab A58 was loaded 
in the same manner as the laminated slabs, but 
slab A59 was loaded on one edge. Strain measure- 
ments were taken in parallel locations as if the slab 
were divided into laminations. The strain measure- 
‘ments showed an appreciable cupping effect for the 
slab loaded in the center. This effect increased as 
the load increased. The “effective number of lami- 
nations” for the solid slab, A58, as calculated for 
the laminated slabs, was 4, and that accordingly 
~ would be the ultimate to be expected from lami- 
nated slabs of these dimensions. The maximum load 
for A58 was 17,955 lb, but the maximum was not re- 
corded for A59 since the failure was not in the slab 
itself but was by tipping of the slab. An additional 
solid slab was tested in Series C, No. C15. This 
slab was 141% in. x 5% in., tested on a span of 6 ft. 
It corresponded to slabs with nine 2 in. x 6 in. 
nominal-size laminations. 

A review of all slabs in Series A showed that, 
where nails were placed 6 in. or closer together, 
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horizontal shear became of more than ordinary im- 
portance and governed the action of the slabs under 
load. Examination of the tested slabs cut into 
small sections revealed numerous large cracks run- 
ning throughout the length of the specimens. These 
cracks were due primarily either to the splitting of 
the wood by the nails or to concentration of stress 
at the nails. It was decided that for subsequent 
tests, no fastener pattern involving a distance be- 
tween fasteners in a horizontal plane of less than 
9 in. would be used. In the previous consideration 
of the effective number of laminations in the nailed 
slabs of Series A, it was shown that the spacing of 
nails closer than 9 in. did not improve the load dis- 
tribution over the slab. 


15. Series B 

Several new variables were introduced in Series 
B as shown by Tables 1 and 3. The slabs in Series B 
were made of Douglas fir, whereas those of Series 
A were principally yellow pine. Nominal sizes of 
lumber were used in this series rather than full- 
size laminations used previously. Other variables 
introduced were the width and span of the slabs 
and the spacing and type of fasteners. One continu- 
ous slab was tested, and a few tests were made with 
tongue-and-groove laminations. 

It was noted in comparisons made in Series A 
between redwood and yellow pine that the species of 
wood did not affect the load distribution signifi- 
cantly for these two species with considerably dif- 
ferent strength characteristics. However, it did af- 
fect the ultimate strength of the slab. Since the 
grades of Douglas fir and yellow pine used in this 
investigation had approximately the same strength 
characteristics, there should be little, if any, differ- 
ence in the effective number of laminations for slabs 
because of the difference in species of wood. 

Slabs B1 and B2 were fastened with short nails 
in an attempt to correlate the tests in Series B with 
the previous series. All slabs of Series A were con- 
structed of full-size 2 in. x 4 in. laminations, while 
those of the other series were constructed of actual 
dimension sizes, e.g., 154 in. x 35% in. In Series A, 
consequently, an ordinary 30d nail penetrated only 
214 laminations, but for dressed lumber a 30d nail 
penetrates 234 laminations. For slabs B1 and B2, 
30d nails were shortened to 3° in. in order to re- 
duce the length of penetration to 244 dressed lami- 
nations. For these two slabs, the short nails were 
placed at 9-in. staggered spacing. The slabs were 
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constructed of 5 laminations of Douglas fir on a 
span of 3 ft. The effective numbers of laminations 
for these two slabs were 234 and 314 with an aver- 
age of about 3, and for the comparable six slabs 
of Series A, N was 234. This is a close correlation, 
indicating that the slabs in the two series were 
comparable, although the ratio of lamination width 
to diameter of the nail should possibly be a factor. 

Three slabs were tested in Series B with a 9-in. 
staggered spacing of full-length 30d nails. The 
slabs had five 154 x 35% in. laminations and were 
tested with a span of 3 ft. These were B3, B4, and 
B7. The values of N were respectively 3%, 3%, and 
314, for an average of about 3% laminations. This 
indicates that the greater penetration of 30d nails 
over the short nails used in slabs B1 and B2 in- 
creased the effective number of laminations from 
3 to 3h. 

Two similar 5-lamination slabs nailed with 30d 
nails at a 9-in. stagger were tested differently. 
These were B5 and B6. After each load was applied 
and the usual readings taken, the machine load was 
released to the initial load before applying the next 
increment of load. It was hoped that by this 
method some idea of the amount of permanent set 
in the slab resulting at different loads would be 
obtained. The effective number of laminations for 
these two slabs was 21% and 3, for an average of 
234. Within the range of loading and for only one 
application of each load, sufficient data about per- 
manent set were not obtained, and the repeated 
load tests of Series C which will be described later 
yielded more information. For the two slabs dis- 
cussed in this paragraph, the effective number of 
laminations was not enough different from that of 
the slab continuously loaded to give definite infor- 
mation about the effect of this factor. 

One slab, No. B13, with nine 15 in. x 3% in. 
laminations with 9-in. staggered spacing of 30d 
nails on a span of 3 ft was tested for comparison 
with the previous tests of 5-lamination slabs. The 
effective number of laminations for this slab was 
334; the comparable slab of 5 laminations had an 
N of 3%. This comparison indicates that a con- 
siderable increase in the number of laminations 
probably would be required to increase N signifi- 
cantly. This question will be discussed in more de- 
tail later. 

Slab B9 consisted of five 154 in. x 35 in. lami- 
nations spiked together with 30d nails at a 9-in. 
staggered spacing. It was tested as three equal 
continuous spans of 3 ft each. Only the center span 


"was loaded, and restraint was provided to keep the 


end spans from being lifted from their supports. 
The ends were held down by channels attached to 
the bed of the testing machine. Strains and deflec- 
tions were measured on the center span only. The 
effective number of laminations for this slab was 3 
but it was 3%4 for comparable slabs tested with a 
simple span of 3 ft. While conditions actually ex- 
isting in a continuous 3-span slab unit were only 
approximated here because of the elastic action of 
the end supports, it is probable that the distribution 
of load across a slab with continuous spans would 
not differ greatly from the distribution of load 
across comparable slabs with simple spans. 

Slab B10 was a 5-lamination slab of 1% in. x 
554 in. laminations constructed with 30d nails at a 
9-in. stagger on a span of 3 ft. The bearing areas 
of lamination No. 3, the loaded lamination, were 
removed by removing wood immediately over the 
supports with a wood chisel. The slab was then 
loaded and the midspan strains measured in the 
usual manner. Under these conditions the applied 
load was carried only by the nails from the loaded 
lamination to the adjacent laminations. The value 
of N for this slab was 334. This treatment made 
little difference in the load distribution across the 
slab, as the effective number of laminations for 
comparable slabs was 3144. This was the expected 
result since studies of other slab tests showed that 
very little of the reaction passed to the supports 
through the loaded lamination. 

One slab in Series B, No. B15, was constructed 
of five 15g in. x 3° in. laminations in which 1-in. 
diam bolts were used on a 9-in. staggered spacing. 
The value of N for this slab was 414, indicating, as 
found in Series A tests, that the bolts improved the 
load distribution in the slab. The comparable nailed 
slabs had a value of N of 3%. 

Slabs B16, B17, and B18 were constructed of 5 
tongue-and-groove laminations 15¢ in. x 3% in. on 
a span of 3 ft. The type of tongue-and-groove used 
has been described previously and is illustrated in 
Fig. 2. Slab B16 was held together with wood 
clamps during the test, no nails, bolts, or other 
fasteners being used. The value of N for this slab 
was »2%4, indicating that the tongue-and-groove 
laminations which are restrained in place are not 
as efficient as ordinary nailed laminations, for which 
N was 3% when nailed with 30d nails on a 9-in. 
stagger. Slab B17 was fastened with 30d nails on a 
9-in. stagger. The value of N for this slab was 
314. Apparently the tongue-and-groove did not im- 
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prove the distribution of the load across the slab, 
and it would therefore be uneconomical in commer- 
cial construction when compared with plain dressed 
lumber. Slab B18 was tested with 54-in. bolts on a 
9-in. staggered spacing, and the effective number 
of laminations was 334. This follows the trend 
noted previously, that bolts increase the load dis- 
tribution somewhat, but not enough to justify their 
use commercially. 

Several slabs of Series B were tested in a man- 
ner similar to the slabs previously described, but 
with spans of 6 ft instead of 3 ft. Slab B21 was 
constructed of five 15, in. x 3% in. laminations on 
a span of 6 ft and with 30d nails on an 18-in. 
stagger. The effective number of laminations was 
4, which is considerably higher than the correspond- 
ing slabs with a span of 3 ft. Two similar slabs 
were constructed with 9-in. staggered spacing of 
30d nails. These were B19 and B20, and N for these 
slabs was 434 and 334, for an average of 414. This is 
shghtly higher than the above slab with 18-in. stag- 
gered spacing, which would have been expected 
from previous comparisons of these two patterns. It 
is also higher than for the comparable slabs with 
3-ft spans, for which N was 3%. These tests indi- 
cate that the effective number of laminations in- 
creases with the span. 

Two slabs were tested composed of nine 1% in. 
x 3% in. laminations on a span of 6 ft, Nos. B22 
and B29. A 9-in. staggered spacing of 30d nails was 
used. The effective number of laminations for these 
two slabs was 544 and 6, with an average of 5%4. 
The value of N for the slabs with only 5 lamina- 
tions on a 6-{t span was 414. This consistently fol- 
lows the trend noted previously; with the only 
variable being the width of the slab, the wider 
slab has a somewhat larger effective number of 
laminations. 

Slab B24 was composed of nine 1% in. x 3% 
in. laminations on a span of 6 ft and was connected 
by %-in. bolts on an 18-in. stagger. The value of 
N for this slab was 5%. As noted for a somewhat 
similar comparison in Series A in which %.6-in. 
bolts were used, this pattern is not as effective as 
30d nails on a 9-in. staggered spacing from a simi- 
lar slab, in which NV was 5%4. 

Slab B30 was similar to the preceding slab, but 
the laminations were tongue-and-groove material 
fastened with 5<-in. cold-rolled rods at 9-in. stagger. 
The effective number of laminations for this slab 
was 744, as compared with 5% for the preceding 
slab of dimension lumber. The effect of the tongue- 
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and-groove used in this slab is not conclusive be- 
cause of the addition of the 5£-in. cold-rolled rods. 
From the results obtained from the other tongue- 
and-groove specimens of Series B, the inerease in 
the effective number of laminations obtained here 
is primarily due to the rods. The value of N of 74 
for this slab is very high and is approximately the 
value to be expected from a solid slab. 

One slab was tested with the “Washington State 
stagger.” This was B23, composed of five 154 in. x 
3%. in. laminations on a span of 6 ft. This pattern 
as mentioned previously consists of spacing 30d 
nails 24 in. apart in each lamination along the 
center of the lamination, but staggering them 8 in. 
in adjacent laminations. The value of N for this 
slab was 314; N for a comparable slab with 18-in. 
staggered spacing of 30d nails was 4, and for 9-in. 
staggered spacing it was 444. Apparently this pat- 
tern is inferior to these others in distributing the 
load across the slab. 

Several slabs in Series B were made with 1% in. 
x 55% in. laminations, i.e., nominal 2 in. x 6 in. 
Slab B25 was constructed of 5 such laminations on 
a span of 6 ft. It was connected with 30d nails 
on a 9-in. stagger. The value of N for this slab was 
4, which compares with 4% for two comparable 
slabs with 15% in. x 3% in. laminations. While the 
effective number of laminations is about the same, 
it should be remembered that the load carrying 
capacity of the 6-in. lamination is greater. Slab B27 
was similarly constructed, but with an 18-in. 
stagger of the nails. The value of N for this slab 
was also 4, which seemingly contradicts previous 
findings of poorer distribution of loads for 18-in. 
staggered spacing. This should be accepted with 
reservations, however, as only one slab specimen 
here supports each value of the comparison; where- 
as in previous comparisons there have usually been 
3 to 6 slabs supporting each value. 

Slab B26 was constructed of nine 1% in. x 5% 
in. laminations on a span of 6 ft; 1t was connected 
with 30d nails on a 9-in. stagger. The effective 
number of laminations was 6%. For a comparable 
slab of 5 laminations, NV was 4; and for a compa- 
rable slab of 9 laminations on a 3-ft span, N was 
334. These comparisons support previous con- 
clusions that the effective number of laminations 
increases for an increase in span and for an increase 
in the number of laminations in the slab. 

Slab B28 was of construction comparable to the 
preceding slab with the exception that 34-1n. bolts 
were used on a 9-in. stagger instead of 30d nails. 
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The value of N for this slab was 514. This seem- 
ingly contradicts previous findings that bolts in- 
crease the load distribution slightly over equivalent 
patterns of nails, the preceding equivalent nailed 
slab having a value of N of 6%. Again it should 
be remembered that this comparison is made from 
results obtained from one specimen only. More tests 
would be necessary to make the comparison con- 
clusive. 

Two slabs in Series B, B31, and B32, were con- 
structed of 254 in. x 5% in. laminations, 1.e., 3 in. x 
6 in. nominal. They were both composed of 5 lami- 
nations bolted together, with a span of 6 ft. In slab 
B31, %%-in. bolts were used on a 9-in. stagger, and 
in B32, 34-in. bolts at the same spacing were used. 
The value of N for the former was 414, and for the 
latter it was 4. This difference is not significant. It 
is interesting that they both acted practically as 
solid slabs, as may be seen by inspecting the strain 
measurements, Table 14, Appendix. 

For comparing the corresponding width of slab 
effective for laminations of 2%, in. with laminations 
of 1% in., N’ is taken as the number of 15%-in. lami- 
nations which would correspond to 2% in. lamina- 
tions. This corresponding number of laminations 
is computed from the relation, 


ee 
N’ = 1% N 

N’ is then 7 and 6% for the two slabs, B31 and B32. 
These may be compared with slab B28 which had 
approximately the same total width, but was com- 
posed of nine 1% in. x 5% in. laminations on the 
same span of 6 ft, with %4-in. bolts on a 9-in. 
stagger. The value of N for B28 was 514. The wider 
laminations therefore increase the load distribution 
in the slab considerably. 


16. Series C 

The slabs of Series C were similar in most re- 
spects to those for Series B. A single span length 
of 6 ft was tested and all slabs were of Douglas fir. 
For fasteners, 40d nails were used instead of the 
30d nails used in all previous tests. Several of the 
slabs were bolted; one used toothed-ring connec- 
tors; and one was a solid slab. 

Two slabs in Series C were composed of five 
2°% in. x 5% in. laminations on a-span of 6 ft. These 
may be compared with slabs B31 and B32 which 
are similar slabs in Series B. The first, slab C14, was 
fastened with %-in. bolts on an 18-in. staggered 
spacing. The value of N for this slab was 4, and N’ 
was 614%. These values are approximately the same 


~ as those obtained for the comparable slabs in Series 


B. The second, C13, was constructed the same as 
C14 except that toothed-ring connectors were used 
with the bolts on an 18-in. stagger. In constructing 
this slab, the toothed-ring connectors were set in 
place between the laminations, and the bolts were 
driven through holes in the laminations. The slab 
was then compressed in a testing machine to force 
the connectors into the wood. When the laminations 
were in contact, the nuts were placed on the ends 
of the bolts. The value of N for this slab was 
414 as compared to 4 for Cl4, the similar slab 
bolted together without connectors. The compari- 
son is of course not conclusive but, for this one case, 
the connectors added little to the effective width. 

Slabs C2 and C4 were constructed of five 1% 
in. x 5°4 in. laminations and tested on a span of 
6 ft. They were connected with 40d nails on a 9-in. 
staggered spacing. The values of N for these slabs 
were 414 and 314, for an average of about 4. This 
is the same as that for a comparable slab, B25, con- 
nected with 30d nails. Slabs C1 and C3 were simi- 
larly constructed, but with 40d nails on an 18-in. 
staggered spacing instead of 9-in. The value of N 
for each of these two slabs was 334. As would be 
expected, this represents a slight decrease in com- 
parison with the 9-in. spacing. A general compari- 
son of the use of 30d nails in Series B with the 
use of 40d nails in Series C shows that there is no 
significant difference in the results obtained. 

One slab of Series C, C6, was constructed with 
nine 1% in. x 5% in. laminations with a span of 
6 ft. It was connected with 40d nails on a 9-in. 
staggered spacing and is similar to C2 and C4 ex- 
cept for the number of laminations. The value of 
N for this slab was 4%. This is higher than that 
for the comparable slabs of 5 laminations, for 
which N was 4. This follows the trend which 
would be expected and which was noted previously; 
an increase in the number of laminations in a slab 
increases the effective number of laminations some- 
what. A similar slab, C8, was constructed with 1% 
in. x 35% in. laminations instead of the 5°%-1n. lami- 
nations of C6. The value of N for this slab was 534, 
as compared with 414 for C6. This shows a decrease 
in N with an increase in depth of the slab. 

Two slabs, C5 and C7, were constructed of nine 
1% in. x 5% in. laminations with a span of 6 ft. 
They were connected with 40d nails with an 18-in. 
staggered spacing. The values of N for the two 
slabs were 4% and 5% respectively, with an aver- 
age of 5. This is slightly higher than N for C6, the 
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comparable slab with 9-in. staggered spacing for 
which N was 41%. This value of N does not follow 
the usual decrease with an increase in the nail 
spacing. For similar slabs, C1 and C3 with 5 instead 
of 9 laminations, N was found to be 334. This 
comparison shows the expected increase in N with 
an increase in the number of laminations. 

Slabs C9 and C12 were constructed of nine 15% 
in. x 5% in. laminations with a span of 6 ft, con- 
nected with %4-in. bolts and on an 18-in. stag- 
gered spacing. The value of N was 514 for each of 
these slabs. This slab may be compared with slab 
B28 in Series B, which was similar except the 34-in. 
bolts were placed on a 9-in. stagger. The value of 
N for this slab was also 514, no reduction in load 
distribution being evident with this wider spacing 
of the bolts. These slabs may be compared with 
slab B24 which had the same bolt spacing as C9 
and C12 but the bolts were %¢-in. instead of 34 in. 
and the laminations were 3°% in. in depth instead 
of 554 in. The value of N for this slab was 5%, 
which, in this instance, is approximately the same 
for both depths. 

Slabs C10 and C11 were similar to the two just 
described, C9 and C11, except 1-in. bolts were used 
instead of 34-in. bolts. The average value of N was 
6144. The average value of N for C9 and C12 was 
54. Apparently the larger diameter bolts increased 
the distribution of the load across the slab. It 
should be recalled, however, that B26, a similar 
slab connected with 380d nails on a Q-in. stagger, 
showed an effective number of laminations of 6%. 

One solid slab of 14% in x 5% in., designated as 
C15, was tested in Series C. It was tested on a 
span of 6 ft, and was divided for purposes of meas- 
‘urement and comparison into nine 1°%-in. strips. 
The value of N for this slab was 634. This slab has 
been discussed previously in connection with the 
solid slabs tested in Series A. No slab constructed 
of 154-in. x 5*-in. laminations of similar dimen- 
sions quite attained this value of 6°4 for N. Two 
slabs with 254-in. thick laminations exceeded this 
value when N was computed on the basis of 19-in. 
laminations. These were B31 and C13, connected 
by 34-in. bolts and by toothed-ring connectors re- 
spectively, and each had a value of 7 for N’. In 
comparing the solid slab C15 with the laminated 
slab B26, having 30d nails at 9-in. staggered 
spacing, the latter had a value of N of 614; two 
comparable slabs, C10 and C11, connected with 
1-in. bolts at 18-in. staggered spacing, had a value 
of N of 614. 
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Some physical properties of the laminations of 
the slabs in Series C are given in Table 8. The 
properties measured were the moisture content, the 
specific gravity, the modulus of elasticity in bend- 
ing, and the proportional limit for compression per- 
pendicular to grain. The moisture contents of the 
compression-perpendicular-to-grain tests are also 
shown, as the compression specimens were tested at 
a much later date than the slabs. The values for 
modulus of elasticity shown in Table 8 may be com- 
pared with the values for the composite modulus 
of elasticity obtained for the slab from computa- 
tions based on strain measurements with the results 
as recorded in Table 15, Appendix. The values 
check closely, indicating that the strain measure- 
ments, which are used in calculating N, may be 
relied upon. No close study has been made in this 
Bulletin of the effect of variation in the physical 
properties of the wood. It did not seem great enough 
to be reflected materially in the results obtained for 
the effective number of laminations. The fasteners 
apparently were the controlling factors in all cases. 


17. Series D 

The slabs of Series D differed from those of the 
previous tests in their construction and in the man- 
ner of test. They consisted of 21 yellow pine lami- 
nations of nominal size 2 in. x 4 in. or 2 in. x 6 in., 
as compared with 5 and 9 laminations of the previ- 
ous tests. In the previous tests, only 1 lamination 
was loaded; in Series D, the loaded width con- 
sisted of 5, 3, and 1 laminations in that order. Other 
variations studied in Series D were the span length 
and pattern of nails. The same slab in this series 
was tested under nine different conditions of load- 
ing and span at working loads. Complete data re- 
garding the tests are given in Table 16, Appendix. 
Table 9 is a summary of test results for Series D. 
The method of testing these slabs has been de- 
scribed previously. 

It is evident from an inspection of Table 9 that 
the effective number of laminations increased with 
an increase in the number of laminations loaded. 
This table also shows that the effective number of 
laminations tends to increase with an increase in 
span. This is true for all cases except two, which 
are for spans of 4% ft with an 18-in. staggered 
spacing for both the 3%-im. and 5%-in. depths of 
slab. This may be accounted for by the fact that 
the load at midspan was half way between two 
eroups of nails for these two cases. When the span 
of these slabs was reduced from 6 to 4% ft, the 
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Table 8 
Physical Properties of Laminations, Series C 
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procedure caused the nails to be placed so that none 
were at midspan. When 3 and 5 laminations were 
loaded under these conditions, a better distribution 
of load was obtained, and the absence of nails 
immediately under the load became less important. 


Slab Lam. Moist. Spec. E* Compr. Perp. to Grain 
Prop. Moist. 
No. No. Gots Grav ee Cont. 
pst % 
10.6 47 2.2) 780 5.5 
a ; 9.3 51 2235 740 5.0 
6 8.6 -45 pd Bik 555 2.0 
% 6d 
8 261. 
9 2.4T 
1 2.6T 
Be 2 2.0T 
3 Zroy 
4 739 .49 Qos 770 3.9 
5 8.5 54 Zao: 630 5.2 
6 9.2 46 2 630 3.2 
7 eis 
8 1.8T 
9 1.8T 
1 15.6 59 2.2C 
AY 2 21.5 56 1.8C 655 14.1 
3 21.3 54 es 495 12.2 
4 19.4 .50 1.7C 515 11.3 
5 20.9 515) 1.6C 
i 15.6 .Do 1.8T 
ae 2 15.3 95 2.0T 685 13.9 
3 14.7 52 1-67 560 12.6 
4 17.9 52 Ly il by 495 12.3 
5 16.7 54 i Bes 
15 il 2.235 
2 18.4 .65 2.3T 590 12.8 
3 2.2T 
4 19.4 .65 2.2T 680 16 
5 ye i 
6 19.6 64 2, 25 520 16.8 
7 2.0L 
8 a Weer! .65 2°42 
9 2.35 
16 1 2 FFE 
2 2227 
3 ee 
4 8.6 .48 2.17 490 3.3 
5 8.5 .50 2-32 600 155 
6 8.2 -45 2.1T 460 2.5 
ie 2.0T 
8 2.27 
9 1.8T 
17 1 aed ig 
2 2.18 
3 1.8T 
4 8.8 .54 2.2T 660 3.0 
5 10.3 64 2° Sir 710 7.6 
6 9.2 52 223k 695 10.7 
a 3-0T 
8 2.5L 
9 2.2T 
18 1 L.oF 
2 1.8T 
3 i gy 
+ 9.9 .56 2.5T 755 
5 9.9 .62 3.0T 675 8.8 
6 9.2 .54 2.3F 525 a 
7 ESE lol 
8 2.5L 
9 > a 2 3 
19 1 1.6T 
2 LEQ 
3 9.5 .57 2.571 510 10.8 
4 8.7 -5l 2.27 555 2D 
5 9.3 54 2.4T 540 ticle 
6 10.4 .56 2,6r 540 8.6 
ui 2.2. 
8 ay 
9 2a 
20 1 ila 
2 OU 
3 10.5 56 2.4T 660 10.0 
4 8.3 ~51 2.27 495 9.9 
5 9.0 .53 2.3T 475 107 
6 11.3 -55 PBT i hy 495 12.3 
re 10.0 woul 2.1T 445 13.8 
8 2.61 
9 pa it 


* T= Modulus of Elasticity in Tension; C=Modulus of Elasticity in 
Compression, expressed in million lb per sq in. 
} From tests made with 30,000-lb testing machine. 


These data on the effect of the position of the 
load relative to the location of the nail groups raise 
a question regarding the usefulness of the results 
for a load directly over a group of nails. Obviously 
this condition is the most favorable, while that with 
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the load midway between two groups is the least 
favorable. In an actual structure, however, the 
load will be applied over a width of several lami- 
nations and over a length somewhat greater than 
that used in these tests, particularly in the case 
of dual tires. Consequently, the distribution will be 
intermediate between that obtained for a load over 
a group of nails and that for a load between groups 
of nails. 

Another interesting observation may be made 
from Table 9. In some cases N increased slightly 


with an increase in depth from 35% in. to 5% in., 
Table 9 
Summary of Effective Number of Laminations, Series D 

Span 6 ft Ave ft 3 ft 
Lam. Loaded 1 3 5 1 3 5) 1 3 5 
1967 x 394" 4 73% 96% 23% 5% 8 314 67-8 

18” St 

oe, 74 9 10% 43 73 10% 43 5% 
154" x 554" 4468 10% 2% 5 8 S07 5u 7 

D4, D5 - o-oo . 

18” St. 
D1, D2, D3 54% 8% 104% 41% 7% «10% 3% 6 8% 


and in other cases N decreased slightly. There 
seems to be no consistent relationship throughout. 
In view of the inconsistencies already noted in 
making this type of comparison in Series B and C, 
we may say that probably the depth of the slab for 
these two cases does not influence the distribution 
of a load as reflected in the effective number of 
laminations. 

In every case in Table 9, it may be noted that an 
18-in. staggered spacing of nails was inferior to 
9-in. staggered spacing. Where the depth of the slab 
was 3% in., 30d nails were used, and where it was 
554 in., 40d nails were used; but in both cases the 
-effective number of laminations was higher for the 
9-in. spacing than the 18-in. spacing. This bears 
out the general trend of results obtained in the 
other series. 

An interesting fact with regard to Series D tests 
“has been developed in Table 10 from the data pre- 
sented in Table 9. The effective number of lamina- 
tions outside the loaded laminations was obtained 
by subtracting the number of laminations loaded 
from the effective number of laminations. It may be 
seen that the effective number of laminations out- 
side the loaded laminations is almost constant, for 
a given span, with a slight trend toward increasing 
with an increase in the number of laminations 
loaded. This indicates that for loads other than 
1, 3, or 5 laminations wide, N for a given span may 
be predicted under these conditions reasonably 
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Table 10 
Effective Number of Laminations Outside Loaded Laminations, 
Series D 
Span 6 ft y 
Lam. Loaded 1 3 5 af * 6 1 23° 5 
Waa 5AZu y d ¢ 
Bebe 3 434 44 13% 2% 3 24 24% 3 
18” St. 
ake 64% 6 534 33% 43 5% 334 234 
BZ” ie ” « 
“ha Ds 334 5 5% 1% 2 3 24 2 2 
18” St. 
ae D3 44% 54% 5% 34 48% 5% 2343 3% 


closely and would be the number of laminations 
loaded plus a constant. This relationship is con- 
sidered further in Section 18. 

Another comparison between effective widths 
may be made between the slabs in Series D which 
were 21 laminations wide and those of the pre- 
ceding series. This may be seen from the data 
presented in Table 11. For 1% in. x 35% in. lami- 
nations, a span of 3 ft, 30d nails, and 9-in. stag- 
gered spacing, N for 5 laminations is 3%, for 9 
laminations it is 334, and for 21 laminations it is 
4%. For the same spacing of nails and with a span 
of 6 ft, N is respectively 414, 534, and 744. These 
examples both show a tendency for the effective 
number of laminations to increase somewhat with 
an increase in the total number of laminations. 
For 1% in. x 5% in. laminations on a span of 6 ft, 
with 40d nails on a 9-in. stagger, N for 5 lamina- 
tions is 414, for 9 it is 44%, and for 21 laminations 


“) 


it is 514. For the same span with an 18-in. staggered 


Table 11 
Comparisons of Effective Number of Laminations for Slabs with 
Various Types of Fasteners 


1 Lamination Loaded. Laminations 1 5% in. x 3%% in. 
Span 3 ft 4% ft 6 ft 
No. of Laminations in 

Slab 5 9 21 21 


30d nails, 9” stagger 34 334 8434 434 
30d nails, 18” stagger 3% 234 
30d nails, Washington 

State stagger 
30d nails, tongue & 

groove, 9” stagger 334 re 
40d nails, 9” stagger 53 
1”¢ bolts, 9” stagger 46 
54’6 bolts, tongue & 

groove, 9” stagger 33% 
5¢’ bolts, 18” stagger 5% 
59" bolts, tongue & 

groove, 18” stagger 71 
Clamps, tongue & x 

groove 234 
30d nails, 9” stagger, 

(cut short) 3% 


5 
wy 54 Th 


1 Lamination Loaded. Laminations 15% in. x 55% in. 
Span Sunb 46 ft 6 ft 
‘ aminations in ’ 
eae ae a 5 9 21 21 5 9 Pal 
30d nails, 9” stagger 2 
30d nails, 18” stagger 
40d nails, 9” stagger 
40d nails, 18” stagger 
60d nails, 9” stagger 
1’¢ bolts, 18” stagger 
34" bolts, 9” stagger 
34" bolts, 18” stagger : 
46’ bolts, 9” stagger 434 


wy 4 (OM 
3 434 
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spacing of 40d nails, N is respectively 334, 5, and 
434. The former illustrates the trend noted in the 
previous two cases, while the latter is uncertain. 
It may be concluded that there is a general tend- 
ency for the effective number of laminations to 
increase with an increase in the number of lamina- 
tions in a slab, but it seems certain that the in- 
creases for widths greater than 21 laminations will 
not be significant. 

The modulus of elasticity in bending as meas- 
ured for each lamination before being assembled 
into a slab is shown in Table 8 for Series C slabs 
and in Table 12 for Series D slabs. These values 
are also given in the tabulations of midspan strains 
in Table 16 of the Appendix, for comparison with 
the modulus of elasticity for the slabs calculated 
from the strain measurements by means of Eq. 2. 


Table 12 
Modulus of Elasticity in Bending by Test of Individual Laminations, 
Series D 
Lam. No Slab No 

D1 D2 D3 D4 D5 D6 D7 D8 
il 2.0 2.2 2.3 2.9 2.2 rd 2.5 1.8 
2 2.0 2.3 1.6 Lv 1.8 1.8 2.5 Eng 
3 2.2 2.5 2.2 yg Pek 1.8 2.0 2.5 
4 2.2 2.6 Bk 1.8 1.9 2.2 2.3 2.4 
5 2.4 2.6 rae! Lo HES: 2.2 2.1 2.0 
6 2.4 PAT 2.1 2.0 1.9 1.9 2.3 2.0 
7 2.5 2.8 a | 2.5 2.2 2.2 2.3 2.0 
8 2.6 2.8 2.6 2.5 1.9 139) 2.3 2.3 
9t 27, 3.0 L):9) 2.4 1.9 2.2 2.2 2.2 
10 2.6 3.1 1.9 2.3 2.0 2.1 2.2 2.2 
11 2.6 3.1 ES 2.2 2.0 2.0 2.2 2.2 
12 2.6 2.2 1.9 2.2 1.9 2.2 2.2 2.2 
13 2.6 2.3 1.9 Pasi 2.0 1.9 2.2 2.3 
14 2.7 2.3 1A) 2.4 1.9 2.2 2.3 2.3 
15 2.5 2.5 1.8 2.0 1.9 1.9 2.3 vee | 
16 2,4 2.6 1.8 2.5 29 1.9 2.3 2.0 
ily 2.3 2.7 Zeal 200) ee) 2.2 2.1 2.3 
18 2.2 Bek 2.1 Ls Pe! 2.2 21 2.0 
19 2.2 2.8 2.1 Bik 1.8 2.3 2.4 2.0 
20 2.0 2.8 iLL PSL 2.2 a te 2.0 2.5 
21 2.0 3.1 2.3 2.8 2.3 210 21.5 2.5 


* H expressed in million lbs per sq in. 
} Laminations No. 9-13 were loaded. 


The moduli of elasticity calculated from the strain 
measurements generally agree closely with the 
measured moduli of elasticity of the centrally 
located laminations that carried the major portion 
of the load. 

It may be observed that the moduli of elasticity 
determined for the individual laminations and the 
composite value calculated from strain measure- 
ments on the slab are both higher than the usually 
accepted values for design. 

Since redwood and yellow pine, which have 
widely different strength properties, were found to 
be comparable in considering the effective number 
of laminations, it should follow that the results of 
this investigation should be valid for poorer grades 
of either material. In other words, within reasonable 
limits of grade variation, the fastener is the 


principal factor in determining the effective num- 
ber of laminations, N, and hence is also the chief 
factor in determining the working strength of the 
slab. 


18. Relation Between Effective Number of Laminations 

and Span Length 

As has been stated in Section 17, N for a given 
span is for practical purposes equal to the number 
of loaded laminations plus a constant. In other 
words, the results of these tests show that, ap- 
proximately at least, there is a linear relationship 
between N and L, L being the span of the slab. 
This may be expressed as 


N=Q+CL 


N as before being the effective number of lamina- 
tions, Q the number of loaded laminations, and C 
a constant. 

The curves of Figure 14 show this relationship 
N=Q+CL for data obtained from these tests. 
These data have been taken from the graphs of 
Figures 22 to 42, inclusive, which are presented in 
the Appendix. As was discussed in Section 13, here 
again it was desirable, in order to have a uniform 
basis for the comparison of results, to use the 
values for N for a given span which correspond to 
a fiber stress, fm, of 1500 Ib/sq in. This value for 
N was determined as the intersection of the heavy 
lme and the line for f, = 1500 lb/sq. in. in the 
figures in the Appendix. The average value of N 
was determined for spans of 3, 4%, and 6 {ft for all 
series of tests, A, B, Cand D. 

In establishing the average values of N used in 
Figure 14, span length was considered to be the 
only variable. Since the differences in nail patterns 
and sizes and lamination depths used in this in- 
vestigation did have measurable effects upon the 
effective number of laminations, it is recommended 
that a 9-in. staggered spacing of 30d nails be used 
where the proposed formula is applied. The effect 
of variable thickness of lamination upon the aver- 
age value of N was corrected by direct ratio. 
Fasteners other than nails were not included in the 
study. 

As shown in Table 1, 3-ft spans were tested in 
all four series of tests, 444-ft spans in Series D only, 
and 6-ft spans in Series B, C, and D. In an at- 
tempt to evaluate the effect upon the average value 
of N of some of the variables listed in the pre- 
ceding paragraph and which were assumed of negli- 
sible importance, averages were taken for a number 
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of specimen groups which included these variables 
only. Also, average values of N were determined 
separately for each series of tests. In each case, the 
difference between the average thus obtained and 
the total average was sufficiently small that it was 
considered proper to neglect it. 

The average values thus obtained are plotted 
as N, on Fig. 14. The straight lines on the figure 
are considered to represent adequately the trend 
of the values for Ny. The straight lines for 3 and 
5 laminations loaded are parallel. The graph for 
1 lamination loaded has a flatter slope than the 
-other two. The significance of this fact, if it has 
significance, has not been investigated. In any case, 
there was no combination of averages discovered 
which would make possible the graph for 1 lami- 
nation loaded, to be parallel to the other two. It 
will be noted that the curves conform to the general 
linear relationship discussed earlier in this section, 
N=Q+CL. For 1 lamination loaded C = %. For 
3 and 5 laminations loaded C = %. 

Where, for design purposes, values for N are 
obtained by extrapolation, the conditions under 
which these tests were made should be kept in 


mind. First, all spans were simply supported, and 
second, there was no covering on the test slab cor- 
responding to a wearing surface which, if it had 
any stiffness, would increase the value of N. 

19. Localized Strain Tests 

The fasteners connecting adjacent laminations 
introduce points of stress concentration in the slab. 
Consequently, concentrations of strains might de- 
velop near these points. It seemed advisable to 
obtain some definite idea of the magnitude of such 
localized strains. It was thought that localized 
strains due to nails would not introduce significant 
errors, but if they were found to be of importance, 
it would be necessary to investigate means for 
evaluating their effects in the slab tests. 

This study of localized strains was begun by 
trying to determine the effect of a hole in a single 
lamination loaded as a beam, as shown in Fig. 15. 
The piece was loaded at the third points by means 
of the apparatus used for the flexure control tests. 
In the first test, there was no hole in the piece. An 
initial load of 100 lb was apphed, and strain read- 
ings were taken on both the top and bottom edges 
of the lamination. Four 4-in. gage lengths placed 
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end to end were used. The strains for loads of 
1200 and 1800 lb added to the initial load are 
plotted in Fig. 15. After these measurements were 
made, the piece was turned over, so that the edge 
which was previously in tension would be in com- 
pression, and the test was repeated. Next a %-in. 
hole was drilled near one edge of the piece midway 
between its ends, and a second test was made using 
the same load increments. Finally, the hole was 
enlarged to 1 in. in diam, and the test was repeated. 

The strain curves in Fig. 15 show that the edge 
close to the hole was affected considerably, but that 
the effect was small on the other edge. It may be 
seen that the localized strains were greatest in the 
two gage lengths near the center, and that the effect 
was very small in the other two gage lengths. In 
other words, the localized strains were practically 
negligible at a distance 6 in. from the hole. 

The work was continued by studying the dis- 
tribution of strains along the edges of 2 in. x 6 in. 
pieces subjected to concentrated loads and fully 
supported on the bed of the 30,000-lb testing ma- 
chine. A 3-ft length of Douglas fir was used for 
each test, and loads were applied to bolts or nails 
passing through the specimen. Strains were meas- 
ured along the top edge of each piece. A 4-in. strain 
gage was used, but the gage lengths were over- 
lapped in order to obtain more readings. In three 
tests, the bolt was placed close to the top edge of 
the piece, and in the fourth test it was placed near 
the lower edge. The methods of loading the pieces 


and the resulting distributions of strains are shown 


in Fig. 16. It is true that the strains found in an 
actual lamination of a slab are not due entirely to 
a combination of this type of loading and pure 
bending, but are rather due to forces acting on the 
lamination in an up or down direction through the 
fasteners (neglecting friction between laminations). 
However, the results of these tests do indicate that 
the distributed reaction along the under side of the 
piece had very little effect upon the top edge. This 
is shown by the case in which the load was ap- 
plied near the lower edge of the piece. The curves 
may, therefore, be considered to give a picture of 
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the distribution of localized strains in a slab at 
points near the connectors. It will be noticed that 
the deformations were negligible at a distance 6 in. 
away from the load. 

The relative effect of localized strains was prob- 
ably much less in the 4-in. slabs than in the 6-in. 
slabs of the same span because for a given load, the 
flexural strains in a 4-in. slab would be much 
greater than in a 6-in. slab, and the ratio of the 
localized strains to the flexural strains would be 
correspondingly lower. The results of this study in- 
dicated that much of the effect of localized strains 
might be avoided in testing bolted specimens if 
strains were measured on the side of the slab away 
from the bolt. 

20. Repeated Loading Tests 

In order to study the development of the per- 
manent set which occurred in the various parts of 
a slab because of the loads to which it was sub- 
jected, two types of tests were made in which the 
load was repeatedly appled to and removed from 
the lamination. In the first type of test, the usual 
test procedure was followed except that the slab 
was subjected to a number of cycles of load. The 
minimum load for each cycle was the initial; the 
maximum load was constant for a number of cycles 
and was then raised in several increments. The slip 
or deflection of the loaded lamination relative to the 
adjacent laminations on either side was measured 
to determine the amount of permanent set. The 
method used to measure this slip is indicated on the 
drawing of Fig. 9. Three slabs, C16, C17, and C18, 
were tested in this way, and the test results are 
shown in Figs. 17, 18, and 19. Descriptions of these 
slabs are given on the figures and in Table 2. 
Strictly speaking, permanent set can be determined 
only by an increase in the value of slip at zero 
load. Actually, an increase in slip at the nominal 
‘low load” probably indicates an increase in per- 

manent set, although some of this increase may be 
due to a decrease in stiffness. 

In the second type of repeated load test, the 
load was maintained at a constant value but was 
alternately applied to adjacent laminations. In the 
ease of C19, it was moved back and forth from the 
fourth to the fifth lamination in the slab, and in 
the case of G20, laminations 4, 5, and 6 were loaded. 
The results of these two tests are shown in Figs. 20 
and 21. The apparatus for applying this alternating 
load is shown in Fig. 9 and has been described 
previously. The descriptions of these slabs are given 
on the figures and in Table 2. 
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The apparatus for measuring the relative slip, 
shown in Fig. 9, consisted of an Ames dial sup- 
ported by a hanger attached to the laminations 
which were to be used as references. The point of 
the plunger of the dial pressed against small metal 
plates fastened to the under side of the lamination, 
the slip of which was to be measured. A test of the 
first type with the load applied to the center lami- 
nation only, was begun by applying a load of 200 
lb and taking a reading of the gage. Then a load 
increment of 1000 lb was alternately applied and 
removed, and the gage was read after each appli- 
cation or removal of load. After a number of such 
repetitions had been made, the load increment was 
increased to 1500 Ib, and the readings were taken 
as before. This procedure was repeated, using in- 
creased load increments, until a load was reached 
which produced a steadily increasing slip. Loads of 
5000 Ib or less were applied at a rate corresponding 
to a speed of the movable head of the testing ma- 
chine of 0.12 in. per min. To apply or remove 
higher loads this speed required an_ excessive 
amount of time; hence the next higher speed of the 
machine, 0.60 in. per min, was used until the load 
had reached a value within about 750 lb of the de- 
sired amount. The final addition or subtraction of 
load was then made using a machine speed of 0.12 
in. per min. The initial load of 200 Ib was removed 
from the slab only when it was necessary to inter- 
rupt the test. 

In slabs tested by the foregoing procedure, the 
fasteners at the center of the span react upward 
against the loaded lamination. A more severe 
condition, and one which corresponds to actual con- 
ditions, exists if this group of fasteners react alter- 
nately upward and downward on a lamination. It 
was to produce such an effect that repeated-load 
tests of the second type were made. Only two slabs 
were tested in this manner. Each slab was composed 
of 9 laminations. In the test of C19, laminations 
4 and 5 were loaded alternately, and the slip of 
each of these pieces was measured relative to lami- 
nations 3 and 6. The readings of both dials were 
taken when the load was on lamination 4 and also 
when it was on lamination 5. Slab C20 was tested 
by loading 4, 5, and 6 successively, the order of 
loading being 4, 5, 6, 5, 4, 5,.... The slip of 
lamination 5 relative to laminations 4 and 6 was 
the only measurement taken, but the dial was read 
for each position of the load. 

In making the tests of the second type, an initial 
load of 200 lb was placed on the slab and moved 
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Fig. 17. Slip of Loaded Lamination, Slab C16, Repeated Loading 
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Fig. 18. Slip of Loaded Lamination, Slab C17, Repeated Loading 
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Fig. 20. Slip of Laminations, Slab C19, Two Laminations Loaded Alternately 
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Fig. 21. Slip of Lamination, Slab C20, Three Laminations Loaded Successively 


from one lamination to another. Dial readings were 
taken for each position of the load. This low load 
was applied to the various laminations only a few 
times, merely to obtain definite zero readings. The 
load on the slab was then increased by suitable in- 
crements. The actual transfer of a load from one 
lamination to another was accomplished without 
releasing the load on the slab. Approximately 45 
repetitions and corresponding readings were com- 
pleted for each load, and the test was continued 
until a load was reached which produced a steadily 
increasing slip of the lamination or laminations. 

In general, for loads of 2200 lb and less, the slip 
readings would usually repeat within 0.0001 in. for 
each repetition of load; hence it is felt that these 
data give a good indication of whether or not pro- 
gressive set of the fastenings occurred in these tests. 
Referring to Fig. 19 for C18 as an example, it will 
be noticed that, while the slip of the loaded lami- 


nation increased gradually for the first few repe- 
titions of the 2200 lb load, it soon became so nearly 
constant that progressive set evidently did not oc- 
cur. From the figures for this group, it may be seen 
that the load at which slip began to increase for the 
first few repetitions of load was 2200 lb for C16, 
1700 lb for C17, 2200 Ib for C18, 1700 lb for C19, 
and 2000 Ib for C20. The stresses which correspond 
to these loads cannot be calculated without know- 
ing the effective number of laminations. The value 
of N for similar slabs may be obtained from 
Table 11. For C16, it is 5%; for C18, C19, and C20, 
it is 5. No value for N was obtained for a slab cor- 
responding to C17. The stress corresponding to the 
above load for C16 may be computed from formula 
4 and is 840 psi; for C18, 920 psi; for C19, 710 psi; 
and for C20, 840 psi. Obviously a measurable per- 
manent set will occur at stresses below those ordi- 
narily used in design. 


V. SUMMARY 


Laboratory tests were made on 119 laminated 
timber slabs subjected to concentrated loads such 
as would occur on highway bridge floors. The pur- 
pose of these tests was to determine the effect of 
the type and spacing of fasteners, the total width 
of slab, and the span length on the distribution of 
concentrated loads. The results are expressed in 
terms of the effective number of laminations as de- 
termined from strains measured at working loads. 

The effects of a number of variables on the 
effective number of laminations were investigated. 
Some of the variables corresponded to those ac- 
tually encountered in the application of this type 
of construction; others were included simply to 
indicate the possible errors associated with the 
techniques and methods of test used in this in- 
vestigation. 

The principal results of the tests are summa- 
rized in the following pages under the headings: 

(a) effects of type, size, location, and spacing 
of the fasteners used 

(b) effects of span length and continuity 

(c) effects of width of the slabs and the num- 
ber of laminations used. 

(d) effect of the number of laminations loaded 

(e) effects of the species and moisture content 
of the lumber used. 


Fasteners. The effectiveness of a slab in dis- 
tributing concentrated loads increases as the 
spacing of the nails decreases, but the strength of 
the slab is decreased if the nails are so closely 
spaced as to cause splitting. The increase in the 
effectiveness of distribution does not warrant the 
spacing of nails much closer than 9 in., alternating 
between the top and bottom of the slab. 

The common specification of 30d nails at 18-in. 
spacing for nailing laminations together does not 
develop the strength of laminated floors to the 
fullest extent readily obtainable. 

Spacing 30d nails 24 in. apart in each lamina- 
tion along the lamination, but staggering them 8 in. 
in adjacent laminations, does not develop the 
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strength of a slab as well as 18-in. staggered 
spacing. 

The omission of nails in a slab over a support 
did not affect the distribution of a load in midspan 
but it did decrease the ultimate strength somewhat. 
Probably the most economical spacing of nails to 
develop the maximum strength of a slab at work- 
ing loads is a close spacing, such as 9 in., in the 
central portion of the span together with a rela- 
tively wide spacing, such as 18 in., in the remain- 
ing portions. 

Bolts and pipe dowels give about the same dis- 
tribution, and they are somewhat more effective 
than 30d nails when arranged in the same pattern. 
The superiority of bolts and dowels appears too 
small to justify their greater cost. Tongue-and- 
groove laminations did not increase the distribution 
of load over the corresponding rectangular sections. 

It does not seem possible to place nails closely 
enough together to secure as good a distribution 
with a laminated slab as with a solid slab. A load 
moving over a plank floor, however, will be applied 
to the edges of the planks, which are weak, as well 
as to the center. Since there are no weak “edges” 
to a laminated floor, except at the ends where 
special provision can be made, the continuity of 
this type of floor offsets the better distribution of 
the individual wide plank loaded at mid-width. 


Span Length. There is an increase in the effec- 
tive number of laminations with an increase in the 
span length. In other words, the longer the span, 
the more adjacent laminations participate in carry- 
ing a concentrated load. Within the ranges of the 
investigation, when the span was increased 100 per- 
cent, N was increased approximately 50 percent. On 
the basis of one continuous slab tested, it 1s prob- 
able that the distribution of load across a slab with 
continuous spans does not differ greatly if at all 
from the distribution of load across comparable 
slabs with simple spans. 

The relationship between span length and the 
effective number of laminations has been explored 
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in Section 18 and a formula which may be adapted 
for use in design has been there presented. 

Size of Lamination. There seems to be no con- 
sistent trend of the data in comparing nominal 4-in. 
and 6-in. depths of slabs. It seems reasonable to 
conclude that the depth of the slab does not greatly 
influence the distribution of load as reflected by the 
effective number of laminations. 

In comparisons of nominal 3-in. thick lamina- 
tions with nominal 2-in. laminations, there was no 
appreciable difference in N. The width of slab 
effective on the basis of limited tests is in propor- 
tion to the thickness of the laminations. For nails 
connecting laminations of different thicknesses, re- 
sults are not adequate to establish a relationship 
between the lamination width and diameter of the 
nail. For a greater penetration of nail into the 
lamination, there was some increase in the load dis- 
tribution. 

Width of Slab. There is a consistent increase in 
effective number of laminations with the number 
of laminations in the slab within the range tested, 
which varied from 5 to 21 laminations. In the 
wider slabs, more adjacent laminations participated 
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in distributing the load. In general there was an 
increase of 25 to 50 percent in the effective number 
of laminations when the width of slab was increased 
from 5 to 21 laminations. It does not seem probable 
that there would be the same proportionate in- 
crease for wider slabs. 

Number of Laminations Loaded. The effective 
number of laminations tends to increase with an 
increase in the number of laminations loaded. There 
is an important trend here which should be noted. 
The effective number of laminations outside the 
loaded area is almost constant for different loaded 
widths, though there is a trend toward increasing 
widths with an increasing number of laminations 
loaded and with an increase in span. 


Properties of Wood. Differences in moisture 
content of about 4 percent produced no appreciable 
difference in the distribution of loads. Similarly, 
differences in species of redwood, yellow pine, and 
Douglas fir did not affect the distribution of load 
at working loads. Species did affect the ultimate 
strength of a slab; the lowest ultimate strengths 
were obtained with redwood. 


Vi. APPENDIX TABLES 


Table 13 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series A 


P is load on slab. (P of zero and strains of zero taken with small initial load on slab.) Laminations are full size. Strains are expressed in hundred 
thousandths of an in. per in. Values of EZ. are computed from total midspan strains and expressed in million Ib per sq in. 
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‘ 60 102 136 Beane 5 5 207 257 311 376 
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2x4 3 57 122 200 267 ae Eas te ie 187 sy | aso 
3 Ft i) iso “Ee Se mie 5 ye EG es 0 
30d 5 13 23 37 a Be 157 340 540 644754 876 
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ILLINOIS ENGINEERING EXPERIMENT STATION 


Midspan Strains, Effective Widths, and Moduli of Elasticity, Series A (Continued) 
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Bul. 424. DISTRIBUTION OF CONCENTRATED LOADS BY LAMINATED TIMBER SLABS 


Table 13 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series A (Concluded) 
Slab tone a a Slab Lam. 
2 2450 3662 4830 6102 P 1218 2408 f 
A39 il 16 35 37 51 69 A49 1 50 66 00, oe 
ae 2 1 27 50 68 97 5 RW 2 36 62 99 
2x4 3 35 7 iets 2x 4 3 39 70) 121 
3 Ft 4 22 46 66 90 124 3 Ft 4 45 73 86 
14” B.D. 5 21 35 57 65 89 5 —3 28 32 
(1? (Sei De 9 216) sis 2 426) 565 Dew 167 9299 438 
iM Osi OEE Oe Wee ay EEE) Me Bee 2 BG 
ih), SO AE OH in ATG) is! Wy ie i a 
P 14380 2663 3833 5053 6390 P 1343 25383 3861 5018 
A4O 1 32 58 67 of 18 A5O 1 12 43 62 
5 Y.P. 2 42 74 115 C6 OG 5 RW 2 25 66 92 
2x4 3 37 83 121 180 243 2x 3 45 95 157 
3 Ft 4 32 62 93 124 168 3 Ft 4 31 61 74 
5 9 29 41 60 82 5 38 BT 45 
eel?) e306 Nea 7 seeG0G mse Se BABY 
NARS TORIES SG ol meso Olea 08 Nees Bug © Ge Dy, 
fof, GS aN Ne) alee lee He ee Bete ss ilies 
P 1268 2508 3710 4918 6163 7800 P 1245 2520 3715 4813 
A41 1 16 20 39 45 60 84 Abdl 1 a =i 6 
5 Y.P. 2 19 42 61 SE) aks Wee 5 RW 2 12 39 17 
2x4 3 13 33 73 103 146 ~=199 2x4 3 26 49 113 
3 Ft 4 27 37 57 ih AI 3 Ft 4 39 66 84 
5 13 19 36 42 63 61 5 10 33 52 
Ze 88 151 266 353 497 602 De OD ee Simesse 
Dy SERE SRG SIG SRE PEG) NW Yb Di Be 
is Day SE TE eG ay bi ORE ILD 
Pe hie 2232) SVT 5060) (525% P 1178 2408 3725 4850 
A42 20 28 52 71 78 A52 1 2 52 55 
5 Y.P. 2 16 37 66 S910 5 Y.P. 2 25 56 76 
2x4 3 22 40 Sig 109 187 2x4 3 25 61 115 
3 Ft 4 22 28 64 82 98 3 Ft 4 20 37 60 
5 13 20 53 58 71 30d 5 20 31 33 
Ze 93 153 319 409 494 9” St De O ey sp 
Ngee Or OS) ee 3 Omen Sh 8.6 ie | OR Abe BI 
ee 2) ee DS ae ONY) Dil 128 Bi 282) ie lo) 
255 2495 3823 5018 6193 JP 1270 =2608 =©63740 =. 4933 
A43 i 3 45 62 72 85 A53 1 74 65 69 
5 RW 2 38 79 104 116 145 Wale 2 = 10 30 
2x4 3 32 80) 28) 199) B81 2x4 3 66 112 166 
SR 4 41 eS 156 199 3 Ft 4 14 40 58 
30d 5 22 55 69 84 106 (jd 5 a a ae 
9” St De 164 351 486 627 816 ” St De 2 829 
OD “Se SR Bee ss Np BB 0 
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SET SG Ses | ee OO OOS M27 S70 ae Ge OOD 
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Table 14 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series B 


h small initial load on slab.) Laminations are nominal size. Strains are expressed in hundred 


P is load on slab. (P of zero and strains of zero taken wit i i i are e 
total midspan strains and expressed in million lb per sq in. 


thousandths of an in. per in. Values of HZ. are computed from 


Slab Lam. Slab Lam. 
P 970 1460 1935 2430 2900 3370 4635 P 950 1465 2710 3855 5480 7065 8780 
BI 1 4 13 19 26 35 44 60 Bll 1 3 2 5 4 6 4 6 
5 D.E 2 15 25 38 47 62 72 94 9 D.F. 2 2 0 4 4 4 10 12 
2x4 3 37 58 76 98 125 150 211 2x6 3 2 1 2 5 12 16 16 
3 Ft io 20 2 51 64 75 89 113 3 Ft 4 1 6 17 24 38 49 68 
30d 5 12 20 26 36 43 52 65 30d 5 4 15 36 55 93, 8 145 aunt 
9” St. Se 0 88—ti‘zSS|O210)0h71S 3840S «407543 9” St 6 3 6 13 18 26 34 42 
(*) N 24 2 7 2.8 2.8 2.7 2.7 2.6 z 6 6 16 19 25 30 36 
: 2 2) Bi 3 2 6 9 11 15 18 
; : 9 1 2 6 10 a 
P 1555 2520 3000 3460 3925 4435 4950 : 
ae j Be oe oe vi fe ‘a to Be 25 40 105 141 228 308 eau 
Face : a oo Aa as He Sees N 94.0 255. 9258 (5256 Sekt eoeo men 
Ded 3 oS al 32a Pema By 3/0) 40 eS eho noe 
55 7 79 84 104 P1920 2930 3730 5355 6700 8095 9255 
30d 5 45 62 65 7 75 81 88 B12 1 6 10 11 15 22 18 22 
9” St. Se 192 300 340 384 429 480 587 9 D.F. 2 9 11 13 17 22 25 26 
P 1190 2675 3595 4555 5295 6040 7880 Hh” ¢ il 2 #4 @ | 92 ams 219 
B3 1 ig ee oe Be ma a as ar 9” St. 6 5 12 12 22 33 33 48 
5 DAP. 2 22 59 8 102 123 144 4177 7 4 9 9 16 19 18 21 
2x4 3 25 74 101 129 160 189 274 g Zs S Le 16 20 19 16 
3 Ft 4 25 55 78 95 114 127 162 zg 6 9 11 19 24 18 22 
30d 5 16-30 57 60 85 ERS agri Ze 02 108130 216 290 323 462 
9” St. De 106 243 373 458 555 640 820 5.6 4.7 3.8 34 3.1 2.5 2.1 
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5 DF 2 24 57 70 91 109 fe ila aoe yi 10 24 31 42 47 53 68 
2x4 3 34 We WP WG WG Bide Ae 30d : 24 41 56 78 93 112 141 
3 Ft #922 48 86 7? 95 101 127 9” S Se 82 93 1386176 188 325 
30d 5 25 56 6 79 ie ate | aoe t 6 18 36 51 73 84 102 129 
9” St Ze 12778 330 442552 578 692 fi x 23 a ae 60 72 85 
; 3.0 3.0 Pal 2.6 g 2 33 40 43 
iy By Oc BE D3 Die Gree OR ye 18) «(ae re eee mA a 
— P 1090-2550 3470 4415 54126145 Wo ode fa 99 (95 ose ee eee 
5 : 
5 D.F. te eee OF eS any Ble Bak gs Bah Pe eee ee 
2x4 3 928 69 102 133 «4185 227 P 985 2000-2910 3835 «4835 «5785 6950 
. ne 4 21 42 65 S38 OTL) ay 1 5 5 5 4 5 5 9 
is 5 21 25 43 56 66 72 aos 2 4 x 7 9 11 14 15 
Pee ot cease a Se re ee a 
: : 2.6 + 2 37 52 64 
ip Oye Oo Se SEO Be OBE one 3 z - - 39 57 69 50 
P 1190 2595 3130 3855 4995 5640 . ae 
we AUG ae Sf he Se 
103 
2x4 3 40 102 134 175 240 300 : : : : Se 
3 Ft ee fe Ie 7 se 33 Sa Cee 
3 15) 13 o7 a7 56 64 67 = . 2 ae 4.1 3.9 3.8 
of St Sy ay hte es as eed UAE BE 3.2 2:1 &6 9.4 9299 03 ae 
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‘a 32 4 <3 . . “a e 92 
2x4 Sombie: © 25-1 6s = ao PEal ise ae 2x4 3. 2 40 “qos ee bie 
a Bs 4 13 18 35 45 30 73 RO Fae 4 20 42 70 109 148 «178 
¢ Boll 16: 25 a6 Fe 39 ( &G Sia 85 ees 
o” a ? { ‘ 46 51 x ‘ 59 71 96 119 
ae ee ee 
. 2.9 2. Dts, SE re 3. : ‘ 3.4 3.3 
E. 3.5 3.4 3:1 39 5 9 3 (§) E. Dee 2.9 9 9 
20 2 0) as Ei 2.1 2.0 1.9 1.8 
sh P 1080 1540 2045 3230 4050 49105875 B18 ee re ee” OE: bee 
: ‘ Gh aaG : 5 70 S20 
5 DE 2 2% 34 48 7 87 eal 2 24 47 is 
p 107-196 : 2 66 85 107 7 eg 
vr ee ee ee 
30d Geeta 80 AS ea 131 T&G 5 20 85 Tees 
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Table 14 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series B (Concluded) 
Slab Lam. Slab 
IP 1030 15380 2070 2510 3110 3650 4180 
B19 1 54 78 106 134 155 180 205 B26 
5 DF 2 69 100 133 164 194 221 257 9 D.F. 
2x4 3 67 96 128 161 195 216 251 2x6 
6 Ft 4 59 86 115 144 168 198 225 6 Ft 
30d 5 57 78 107 135 162 184 214 30d 
9” St. Le 306 438 589 738 874 999 1152 9” St. 
N §.2 4.4 4.4- 4.5 4.5 4.6 4.5 
E. aya 1.8 es Ihe 1.8 1.8 1.8 
iP 1405 2250 2885 3670 4440 5790 7350 
B20 1 52 79 102 128 156 207 266 
§ D.F 2 68 103 133 165 201 269 359 
2x4 3 80 119 153 189 228 305 380 
6 Ft 4 58 88 114 144 174 228 306 
30d 5 48 75 96 124 151 200 256 B27 
9” St. Ze 306 464 598 750 910 1209 1567 5.D.F, 
N 3.8 3.9 3.9 4.0 4.0 4.0 4.1 2x6 
E. 2.4 2.5 2.4 2.5 2.5 2.4 2.4 6 Ft 
P 1410 2115 2765 3540 4210 4900 6790 feeat 
B21 1 41 61 re G 93 109 127 156 : 
§ D.F. 2 49 ae 102 129 154 183 252 
2x4 3 63 96 127 162 200 241 351 
6 Ft t 58 87 1138 140 168 196 248 
30d 5 48 70 96 113 139 162 211 B28 
18” St Ze 259 391 515 637 770 909 1218 OOD ES 
N 4.1 4.1 4.1 3.9 3.9 3.8 3.5 2x6 
Ee 2.8 2.7 2.7 2.8 2.8 out 2. St 
ye 725 1745 2660 715 4735 5710 6650 ah of 
B22 i ih 32 48 63 82 97 109 . 
9 D.F. 2 17 43 61 82 106 125 149 
2x4 3 18 45 68 88 110 133 153 
6 Ft 4 24 60 94 121 155 188 219 
30d 5 27 42 118 165 215 262 314 
9” St. 6 18 50 82 115 147 181 209 
i 20 41 67 88 115 142 169 
8 15 37 58 79 103 122 147 
9 6 25 44 64 79 98 112 B29 
Ze 156 405 640 865 1112 1348 1581 CDBG 
N 5.8 5.6 5.4 5.3 5.2 5.1 5.0 2x4 
Ee 2.4 2.2 2.4 2.2 2.2 2.2 2.1 6 Ft 
P: 665 1425 2075 2755 3445 4480 pone 
B23 i 28 57 80 106 121 141 ¢ 
SD gy 2 29 63 91 119 136 179 
2x4 3 46 99 156 207 260 340 
6 Ft 4 25 59 89 112 134 173 
30d 5 25 58 84 113 134 175 
Wash Ze 153 336 500 657 785 1008 
State N 3.3 3.4 3.2 3.2 3.0 3.0 
(**) E. 2.2 2.2 254 2.1 2.2 2.2 0 
PB 720 1605 2565 3585 4585 5730 6565 9 D.F 
B24 1 18 34 50 64 89 110 122 a. 
9 D.F 2 17 36 54 78 101 132 144 6 Ft 
2x4 3 15 38 52 74 97 128 145 TEG 
6 Ft 4 24 43 65 91 112 139 157 54 db 
54” 6 5 29 66 112 149 193 246 275 9” St. 
9” St. 6 18 41 71 98 121 154 172 (§) 
ra 21 49 72 98 119 153 169 
8 14 31 51 73 97 122 131 
9 19 31 43 66 83 110 116 
Ze 369 570 791 1012 1294 1431 
N 5.9 5.6 5.1 5.3 5.2 5.3 5.2 
E. 2.1 2.2 2.3 2.3 2.3 2.3 2.3 Be 
le 1080 1900 2715. 3695 4745 5755 7810 5 D.F 
B25 1 16 28 39 54 68 84 107 3x6 
5 D.F 2 16 27 38 53 68 83 115 6 Ft 
2x6 3 21 35 56 82 110 147 218 3h" b 
6 Ft 4 17 31 44 58 80 93 126 0” St. 
30d 5 13 26 37 53 74 88 124 
9” St Ze 83 147 214 300 400 495 690 
N 4.0 4.2 3.9 Disils 3.6 3.3 3.2 
E. 2.7 Zid, 2.7 2.6 2.5 2.4 2.4 ne 
5 D.F 
* Nails shortened to 35%” to penetrate 2144 Lam. aa 
Load released to initial load before each new load. Pars 
3 continuous spans of 3 ft span. Center loaded. of gt 


4 End bearings lamination 3 cut away. 
§ 34” x 1” tongue and groove in all laminations, 
**k Washington State Pattern. See text. 
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Table 15 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series C 


ns of zero taken with small initial load on slab.) Laminations are nominal size. Strains are expressed in hundred 


P is load on slab. (P of zero and strai 
i are computed from total midspan strains and expressed in million lb per sq in. 


thousandths of an in. per in. Values of #, 


Slab Lam, Slab Lam. 

P 415 870 1350 1965 2815 3875 6100 P 565 1135 1860 2670 3470 4730 5985 
melt 1 5 12 21 26 36 54 81 c9 1 11 19 33 45 60 82 115 
5 D.E 2 9 16 30 43 61 83 «138 9 D.E 2 10 14 23 32 38 53 67 
2x6 3 7 17 30 44 65 95 «174 2x6 3 9 13 21 23 38 50 65 
OE See eae oe ee 

5 é 2! 3 
18 St. Be 035 72 1298 176 242 343 572 6 7 17 3 at eee ae 
ee ee eee ee 

; k 2 33 43 53 

P 500 1030 1620 2335 3060 4000 6110 9 5 15 20 29 39 46 

a : “ see Se Se ; as Be 67. 123 224 312 9 410) 548) e705 
5 D.E. 2 8 17 26 38 48 65 100 Ae Be ee = oe oO 4.8 
2x6 a 7 16 27 44 55 80 133 ° 1.7 1.8 1.8 1.8 1.8 
er ee er ee 
9” St. Ze 40 86 131 194 236 332 510 9 D.F 2 21 33 a 30 63 3 (107 

Vee e ee ee 

: 2. 2 5 68 88 

P 1090 1615 2215 2805 3805 4690 6035 I 5 23 37 48 63 82 121 186 

c3 ‘ ae te ae oe ; ae a 18” St 6 25 38 47 59 69 89 111 
5D.E. 2 19 28 37 48 67 81 lll i 25 33 41 54 65 86 107 

2x6 3 22 35 49 69 TOONS 53 3 a» a a2 a8 53 67 82 
Ge ae tee Cee Aen ee ete ye 6175)«6mBBOB8SCAGBSC2BSC 700s 
18” St eS mene) 1S) 249 SoS mmo ODS Ay N 7.0 68 68 66 64 58 5.0 

mw 45 40 180 18 Hea kos 2.0 ict we Nera Ar Ang? TIS, Le 

2.4 (eS ED SON oN Ny, P 1505 2225 2945 3835 4665 6185 7445 

F P 1070 1625 2330 2860 3870 4790 6100 one i I 16 17 29 34 43 53 
ae hy ay ee 0 38 50 i eA dpe i Oe 1S 58 oi 39 50-60 
DE 2 7 OB 35 a 38 Ga oe 2x 6 3 11 20 21 36 39 53 62 

x 21 | 30 40) as ers 100) Tie F $2, 00 a ee ee 
Ge 4 929 31 Al 52 67 36 103 e ¢ 5 15 28 37 55 Tae 106 120 
& Me & He ee 3 44 61 73 91 St g - oe 28 43 48 62 68 

ae Ee oe 22 SS SSO ON i 4 ZS 34 47 53 71 79 

i 1 Ce ee eM Weng Ey = 3 1 St ee 54 63 

2.5 Ee 2.5 B 92.% 2.6 | ONG. 276") a6 2. aa ee. Dee ee 

.. P 1180 1730-2345 3085 3780 5300 7470 (*) ya oe: Veo ee ee oe 
i a 4 : ae vm a . a 223 BE. 2.8 2:4 9219" "9005 (980. oo EO 3 
ee ee ee ee ee 

: 20 2 47 
we § & & 4 8 8 3 7 aye $ if & BB BS te 
¢ 2 59 74 

¢ i 16 24 28 33 44 58 ont 4 13 23 31 40 50 59 74 

8 4 90 21 af os oe 4'¢ 5 21 33 48 68 93S 7 ae 

Q 17 15 7 oa ae St. 6 15 25 34 43 53 64 79 

Be 120 e740 286) ode) 7 GiGSS 7 15 24 32 40 48 
(*) No na fh Bh Ze hg GR aS 8 13 20 27 33 40 7 61 
2.3 i 2 Soh Boil Bor BiG ga Bs 9 ll 16 22 27 32 ar 16 
a P 1190 1800 24103150 435057007185 (*) eG? oe Be ee 

9DF 5 iS 7 oA oy 26 te a Dell BR 23 91 93 23 35 313 21 

2x6 3 13 19 23 27 42 P1210 2410 56 7 
oe ee te 28 36 51 oe ee c18 1 14 ar ee ee atti ee 

40¢ 5 63 91 124 159 5 DE. 2 18 35 57 $3 0 5 
9” St. 6 Eds 693" 231 Salas, © PsL 6a 2 3x6 3 . 3 2 ae 

a : 28 42 68 100 127 16 
7 10 14 18 6 Ft 5 ee 5 218 
3 ay 12 16 34 32 45 BS va" b 3 i 31 51 78 OG ie a 
2 14 19 25 34 45 50 Se 908 179 | 987 

Q 2 z 4 
(*) me es 652 (t) N 4) 14g ae |a5 oe eed 
24 B, 1100. ales Bhoee Be ae oe 4 1 8 1.6 Ue ete 1.6 1.6 1.6 15 

2.3 2 2 1820 2815 5 
a P 595 1225 1840 2500 3290 4265 5250 ce 1 Ae ler aes oe ae sbi ie 
/ sf 4 52 66 75 9 & Dik. 2 2 48 B 
9 DF ee ee er es eon 3x6 3 2 ee 
5g 2 34 53 75 5 

ax 4 3 b420 2877 Bye, ge ane a 6 Ft 4 : ee eee eS 
ee 3 a0 ee o mole 109-134 6 Ft 4 25 40 52 63 77 +101 131 
40 75 1 121 154 a? 5 26 38 53 61 
ot § 8 8 Bae be a a ee ee 

: : 2 59 L 
oe er ee et 
2 é 5: 9 84 100 > : 

9 iW oA : 6 I s00 1800 2 : 
oe me me ts oe iu gk Sh 
Noe Gel S56" 6G 15.0 a ao Ok eae 1434 x 55 2 9 20 30 40 50 70 104 

E, 1.9 20 21 20 30 4 a if 2 : 6 : 11 24 33 45 60 88 106 

2 i : : 2 Actua 12 27 >) 

cs oo oe eee 8495 4525 5660 SFE 5 il 24 Se © UE epee ibs 

ae 12 a 3 BI 2 87 104 Soli 9 21 33 45 53 60 
83 101 «132 (*) 7 To aie me tee 
2x4 3 11 2 = ae 36 

6 Ft Me, 38 ge Oa 8 8 18 <0) a5, fan) eee 
40d pee?) «50a cr ee ay) ake G28 425. 86 46 enon 
9” St. 6 1 39 60 me a ee a (tb) a ae ne 276 381 472 655 987 

i ie 34 48 64 87 110 138 oe ie Sal BG 20 ey ge ee Be 

8 16 29 13 °8 7s oT Bl Beal 

Se 154 294 449 591 09 98 * Average observed E for all inations i ; F 
gy, HORE Be 8g Bh BE gM MBE panniers teen cach inpinatign at each ale enn 
2. is ‘ 9 9 . 4 Soli . a . 

9 0 Deal al 2.4 21 21 fone ee ee placed the same as for slabs with nine 2” x 6” 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D 


P is load on slab. (P of zero and strains of zero taken with small initial load on slab. 


| i i i ) Laminations are nominal size. Strains are expressed in hundred 
thousandths of an in. per in. Values of EZ. are computed from total midspan strains and 


expressed in million lb per sq in. 


Slab Lam. Lam. E Slab Lam. Lam. E 
P 305 1122 1877 2712 3455 P 1287 2492 3765 5025 6220 7405 
D1 1 2.0 0 0 0 0 0 DI 1 2 3 3 3 4 5 
21 Y.P 2 2.0 0 0 0 0 0 21 Y.P. 2 1 2 3 3 3 3 
2x6 3 202 0 1 2 2 3 2x6 3 0 0 0 0 1 3 
6 ft 4 2.2 0 0. 4 4 4 4M ft 4 0 il 3 4 6 6 
40d 5 2.4 0 1 4 6 9 40d 5 0 4 5 6 9 11 
9” St. 6 2.4 0 z 5 8 8 9” St. 6 4 6 10 10 14 18 
1 lam. (a PTS) 0 1 5 10 13 8 lam. i 6 11 15 18 20 24 
loaded 8 2.6 2 4 9 11 14 loaded 8 6 9 14 18 23 26 
9 D7 2 8 10 16 18 9 2.7 9 16 23 29 40 46 
10 2.6 3 14 18 27 33 10 2.6 9 21 28 39 48 60 
11 2.6 3 16 26 39 49 a oo we a a a a oe 
12 2.6 3 10 18 26 36 2 2.6 
13 2.6 4 8 12 18 22 13 2.6 8 14 22 29 37 43 
14 207 1 6 10 13 17 14 6 13 18 24 28 33 
15 2.5 2 7 8 1 13 15 3 9 13 18 22 26 
16 2.4 1 4 7 9 5 16 3 6 9 12 14 6 
17 2.3 0 2 5 5 6 17 3 8 8 9 12 13 
2.2 1 1 3 4 5 18 0 5 6 6 9 9 
19 3° 0 2 3 3 3 19 2 2 4 vi 9 9 
19 2. 2 2 
2 2.2 2 3 4 4 20 0 1 1 2 2 3 
3 2.0 0 0 0 0 0 21 0 2 3 4 5 5 
Sel PG 22 89 150 216 262 De 8 176 254 329 419 498 
N 66° 5.6 5.5. Bu N Sl WE Site Fase Aiken ee 
E. Da PMG EG ES op DO Dey OL Oy OA 
P 500 1972-2990 3975 4950 P 1768 3242 4742 62807770 9445 
oY P > 0 4 4 6 6 21 Y.P 2 1 6 6 z z i 
2x6 3 il 6 6 8 9 2x6 3 ; 
ae ee oe a eet ae Pe ath ant 
5 6 1 cd 3) 
on St 6 3 7 9 14 15 9” St. 6 9 13 15 19 22 24 
3 lam. 7 4 10 13 18 24 5 lam. 7 12 12 14 18 25 28 
faded 8 1 10 14 20 26 loaded 8 il 17 24 30 36 37 
ae 9 2.7 4 16 22 30 37 9 De ile 22 33 47 57 70 
10 2.6 5 19 29 39 52 10 2.6 10 18 27 39 50 61 
11 2.6 2 17 28 39 48 11 2.6 10 18 28 37 47 56 
2 26 9 16 27 37 50 12 2.6 10 21 30 41 53 65 
ue kG ee 0 at ie ee re) Ee 
18 6 0 17 30 38 15 7 14 17 21 27 32 
5 7 i 
16 4 8 12 14 1 
a . 8 ii 13 17 3 7 9 ll 13 16 
a 0 ‘ 8 9 18 2 4 7 10 12 
19 0 3 fl 7 8 19 2 4 5 6 6 10 
20 2 3 5 6 
a - Fi : 3 21 3 3 6 7 7 
2 1 4 4 6 8 ‘ 
“A 35 176 259 355 448 De 133228318 05 499595 
N 10-40 59.3 9.80 28.9 N Pee eee ee Se 
E Dk Die ah Ea E- peemeetest 
. 9 c ) 5 € 
P 1002, 1992 2962 4950 6960 be P 075 2242 S417 485 ; 
Di : 2 2 3 21 Y.P 2 1 2 2 3 3 
5 6 9 12 21 Y.P. 2 3 
oe 3 > 2 4 8 11 2x 6 3 1 b 5 ; 6 
od 5 fee Pe Sie ip tod 5 oe keene 
on St. 4 2 4 9 15 21 9" St. 9 0 2 2 3 3 
5 lam. 7 3 8 11 19 28 am. i g : ¢ 
loaded 8 6 10 16 26 38 loaded . ae i 4 9 12 
es 9 27 5 11 18 31 49 a ot t a ip aE eS 
10 2.6 8 14 23 37 55 a 6 as Be ee rh 
Cie ee ik oe 28 SD oe 88 12 26 6 47 26, 34°98 20 
12 2.6 11 18 27 44 62 e 2-6 ° u io 7 72 
13 2.6 9 _ 2p ae a 14 a 3 4 5 9 9 
1 5 4 
of 5 9 18 25" BB ie tee 2 2 
5 9 nL “ 0 3 
i 1 5 9 16 23 Ms e s : : i 
18 3 F; 9 13 16 a. : 5 5 ie 
i Sea eo : tie gee 
20 2 4 21 0 0 : 
: 0 0 2 3 S 31 83! 132 192 228 
a 88 168 262 441 622 a & pa 8G be eS eS 6 
N 11.3 11.2 11.1 10.8 R. Pi yg Pia Oe 
ae ge Be see ees 5 P 1205 2988 4367 6830 9425 
P 985 1945 2935 3917 4405 1020 : 4 : 3 3 
Y 3 
Di 1 1 1 | 3 3 4 21 Y.P D) 1 2 0 0 0 
20 YP 2 : i 4 ‘ 4 2x6 3 ? ; g g 
ea : 0 1 2 2 2 2 Pea : 2 3 4 4 6 
“Hen 5 2 5 se io), ii “Gt aa 8 1 3 4 8 8 
6 9 9 hata 2 5 ie i 
9” St. 6 y 4 x 13 15 Al 3 lam. 7 . 5 3 16 19 
1 ae A $ 9 14 19 19 21 loaded : a7 4 12 20 39 41 
loade 95 929 ¢ 7 t a5 55 
18 25 25 . 6 11 99 39 
0 5. é 4 17 26 33 37 40 i oe 6 18 28 46 68 
i 2. 13 24 40 53 61 71 1 a 2 i8 31 48 62 
11 2.6 23 34 40 45 Me 11 16 28 39 
a ee a ee ee eee ee 
13 2.6 5 A 14 é 1 
is aa a 1820 a ; : meas 
A) v ¢ ) e : 
i (> eae ee ae i (1. ees 
ate : 2 2 3 3 4 1 3 3 4 
rH i 4 4 4 4 a 0 4 4 5 5 
20 0 0 1 1 1 ! 21 0 0 0 0 0 
20 2 3 3 3 3 3 ae 39 110 177 284 375 
s Tee ide 207. 277~ 308 S40 N 7.0 GsGhe 6.40 6.1 
Ze 5 5.0 4.8 ; 2 olde Bol FG 
N ae ee a Ee “be 
BE. Pe, 52N pe272 3 2. 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam. E Slab Lam. Lam. H 
P 1765 3760 5712 7692 9478 11,395 P 845 1765 2615 3495 4350 
D1 1 1 1 1 1 1 1 D2 1 0 0 0 0 1 
21 Y.P 2 1 2 2 3 3 3 21 Y.P 2 0 1 1 2 2 
2x6 3 0 1 2 2 3 3 2x6 3 0 1 1 3 3 
3 ft 4 0 2 2 2 2 2 41% ft 4 0 0 0 0 4 
40d 5 0 2 2 3 4 4 40d 5 0 0 1 3 5 
9” St. 6 0 0 2 4 6 6 9” St. 6 1 3 4 Z 9 
5 lam. 7 0 5 ” 9 12 15 1 lam 7 0 0 2 5 5 
loaded 8 6 14 17-22 28 33 loaded 8 0 4 5 7 7 
of ore es 14" 22 30 42 51 9 3.0 1 7 11 16 20 
10 9 2.60) 6 16 25 35 46 57 10 ar 4 9 16 21 26 
11 Mp geen fe 31 45 55 66 11 3.1 7 20 29 40 54 
2 26 10 24 35 49 62 ek 12 2.2 4 11 19 24 32 
13. 2.6 9 <6 15 24 35 44 5B 13 2.3 5 9 16 20 24 
14 5 il 17 23 29 35 14 2 6 9 11 14 
15 3 9 9 9 12 18 15 0 0 0 1 1 
16 3 3 5 6 9 9 16 0 0 0 2 2 
17 0 1 2 3 4 4 17 0 0 0 0 0 
18 2 2 2 3 3 3 18 0 0 0 0 0 
19 0 0 0 0 0 0 19 1 5 5 6 6 
20 1 2 2 2 2 2 20 2 2 3 3 3 
21 1 1 2 4 5 5 21 0 0 0 0 0 
Ze 57 146 211 290 372 448 De 27 78 122 171 218 
N Si T7 Toe Wee N 3.9 4:3) © 433 Gad 
Bs; Pe Bi A Bia i 3.6 | 63.4") Soros 
P 450 900 1350 1777 2242 2697 p 
D2 1 2.2 0 0 1 1 1 1 b2 q CE ee ne ee ae 
21 Y.P Je? 8 3 5 5 6 6 21 Y.P. 2 1 5 8 8 9 9 
2x6 ee 1 1 2 2 2 2 2x6 3 1 2 5 6 7 7 
6 ft A E26 0 0 1 1 2 2 41 ft 4 2 4 8 9 9 9 
40d 5 26 O 0 1 1 1 1 40d 5 1 4 8 8 10 10 
9” St. Co) Bere 2 a 4 6 6 6 8 9” St 6 4 10 12 15 20 24 
1 lam. 7 ie 6 8 8 11 13 3 lam. 7 4 9 14 17 22 24 
loaded Sees?) Smee 3 7 9 12 12 loaded 8 9 13 18 24 28 33 
Oo 5300) ea 6 9 10 13 17 9 3.0 9 14 20 29 36 43 
10, Sl 4 8 9 17 19 22 10 3.1 9 17 27 37 4 
My 3.1 9 58 
7 13) 20 Ro? eS 41 11 =f 9 19 28 237 51 62 
Pie ee 4 9 12 18 23 12 2.2 6 16 25 35 4 
ie aR 5 8 12 15 17 13 2:3 5 14 19 6 3 43 
14 2.3 4 7 9 11 12 15 14 : 3 9 2 i? 3 Py 
16 2158 2 4 5 9 11 12 15 3 4 : Hf ia is 
16 3.6 1 4 5 F 8 10 16 3 9 14 B 7 18 
2. 2 7 9 9 
18 92.7%) 0 0 0 0 3 0 18 3 3 4 *() % 
19 2:85 0 1 1 2 2 
20 28 0 1 1 1 2 3 - 9% 0 0 0 i 5 5 
21 3.1 0 0 0 0 0 0 21 0 0 0 0 0 0 
: : 
%« 77 16 150 1885 De 82 170 246 323 414 483 
2, a. a N 10.2 9:8 9.2 “8.9 s.aeeoul 
; a mae ‘i 2.6 E. 24 24 (24 9:4 Bo ee ore 
D2 1 0 0 a eg! 5267 P 1530 2995 4510 6010 7500 9010 
21Y¥P 2 0 : = 7 4 ; 1 3 4 8 8 11 14 
2x6 3 0 3 3 4 9 “ce 3 H A . 2 sp dk 
aa : g a 2 4 A x6 3 2 4 7 8 11 14 
40d 5 0 0 1 : 10 4% ft 4 5 5 9 Ha 14 18 
Bat. 2 3 o _ a u 40d 5 2 2 5 9 12 14 
ie iS : : . Ag i 9” St 6 3 6 10 17 22 32 
ieaeieal 8 0 4 8 13 e lam. 7 4 9 17 22 28 36 
¢ 9 3.05 2 8 as 9 17 ~4i9 50 oe : : 2 2 ee 
“hie, eta f - eee oll 9 3.0 5 13 22 29 40 49 
a a : Tae Ga ee & 10 ak 3 13 22 29 36 46 
2 22 1 16 90 8 99 Te eure ee ee SE 
i Ee eae re ee eee ee eee ee ee Se 
a : ue a0 ee Une 13 2.3 2 8 17 29 40 50 
15 2 7 @ i - 14 6 12 17 26 37 41 
16 2 5 7 9 14 15 4 6 9 16 22 24 
17 0 3 3 10 16 1 2 7 12 16 18 
18 2 9 ® 10 418 ie * : = 9 16 20 
19 1 4 5 et “ 0 2 3 5 6 10 
20 1 3 4 5 8 19 0 3 3 7 9 9 
21 0 0 0 0 0 = 1 1 1 5 6 9 
Ze 32 144 194 240 393 = 0 1 1 1 3 3 
N NOR Oe ree Cote Ze 59 128 220 334 448 561 
E. ee eC hea Nene a 4 ae Ah ae eee 
P 1007 2000 3 22 496 3 : 2,8 Tess eens 
we 1 i A 900 4022 4990 7020 aoe P 995 1995-2975 3940 4975 
Ir. 5 f - 
2x6 3 4 5 3 8 eg 21 Y.P 2 0 0 0 0 0 
6 ft 4 9 10 14 15 17 18 2x6 3 0 0 0 0 0 
40d 5 5 7 10 12 17 20 3 ft 4 4 4 4 5 5 
9” St. 6 3 6 9 2 17-2 a 5 0 1 1 1 1 
5 lam. 7 5 $2 nit 14 17-25 9” St. 6 5 14 14 14 15 
loaded 8 aCe Say Ob ay Bees 7 0 2 5 5 6 
eee. 7 18 NF 5 a ae oe 8 5 7 7 9 wu 
10 3.1 8 12 19 26 31 45 9 3.0 6 7 12 17 20 
ee 10 15. a 23 836 ~~ ee . 9 14 19 24 
12 2.2 5 10 17 25 28 48 il Sol oy ie 23 33 44 57 
13 2.8 7 18 26 31 37 55 12 2.2 10 21 25 29 35 
14 6 9 15 24 29 40 13 2°3 2 2 2 6 6 
15 6 6 13 18 18 97 a 0 2 2 5 6 
16 4 7 8 12 15 oh 15 3 3 4 4 5 
17 6 8 10 12 16 19 16 2 2 5 5 5 
18 1 1 3 5 6 8 7 0 0 ) 0 2 
19 PeeiO © 10 ny ee re 18 0 CP psa) o1aeests 
20 5 6 7 9 9 9 19 1 il 3 5 5 
21 1 3 3 3 3 5 20 0 0 1 1 9 
De 102 163 241 318 382 534 os 0 0 0 0 0 
N 12,5 12.0 11.8 11.8 10 ze 56-104 150187 
x 2 2 8 - 223 
; 262.6 2.7 @o7 “9's ie 4.5 4.5 4,3 3.9 
e 2:0) 2: te 2o] mots 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam. E Slab Lam, Lam. E 
P 1245 2520 4050 5530 7050 8475 P 983 1985 2995 
D2 1 0 0 0 0 0 0 D3 1 5 6 i 
21 Y.P. 2 0 1 1 1 1 1 21 Y.P 2 2 7 7 
2x6 3 3 4 4 4 4 4 2x6 3 3 A 4 
3 ft 4 1 1 2 4 4 5 6 ft 4 4 5 7 
40d 5 0 0 1 1 1 3 40d 5 3 13 12 
9” St. 6 0 0 0 0 2 3 9” St. 6 4 6 9 
3 lam. 7 3 4 7 7 9 12 5 lam, 7 2 V6. 14 
8 2 6 7 12 15 19 loaded 8 4 13 18 
ae 1.9 7 19 30 
0 oT 4 3 id 30 38 36 10 1.9 8 18 31 
i 3. 1 4 5 16 23 38 52 itl 1.9 8 16 23 
12 2.2 7 17 27 35 45 54 12 1.9 2 18 33 
13 2.3 4 6 12 19 25 34 13 1.9 1 19 33 
14 4 8 11 14 15 19 14 9 16 25 
15 0 5 7 9 12 12 15 7 2 19 
16 0 0 0 0 2 3 16 1 ; 10 
17 0 0 0 1 3 3 7 4 6 9 
18 0 0 0 1 1 1 18 2 4 8 
20 ip ht Ghee eek a 20 pers Oo 
2 5 
0 0 0 0 0 0 21 0 4 6 
. 38 81 129 181 243 304 De 95 202 316 
y Woy TA NO) GR. GE N 11.2 10.5 
BE. SUsrees gh 1 80o) mes 29 E. Dil Dal) 
P 2010 3995 6035 8030 9990 12,010 e P 098 1993 3000 
Y ; 4 8 7 10 18 21 21 Y.P 2 1 0 i 
see 3 0 0 3 5 7 7 2x6 3 1 1 1 
ore 2 3 4 8 9 10 4M ft 4 4 1 D) 
god 5 0 1 3 5 6 9 40d 5 2 3 7 
mi 6 3 9 10 13 18 19 9” St. 6 8 8 9 
ele : : 9 12 18 20 1 lam. 7 3 5 8 
eer ; : 3 ( 27 «= 36—Sté«CD loaded 8 o i7 2 20 
oo 5 3.0 8 7 36 33 45 54 9 1.9 7 16 19 
: 10 1OmLO 19 5 
10 aot 9 14 22 30 41 48 10 LS et i : 
11 ul 4 13 22 32 45 52 5 35 al 
12 PEO 7 15 25 35 48 62 te on iB a 
13 2.3 6 13 20 32 45 61 13 6 2 19 
14 5 11 18 23 33 37 & : Q i 
15 6 10 11 16 20 26 . : ° 
: me : : 5 4 9 17 3 4 6 
is i 6 4 6 7 8 18 9 10 9 
1 : 19 2 2 
: Geom wea oe 20 0 0 6 
ay . , 0 0 0 3 21 2 at 
ae et 136 214 303 417 516 < 112 180 244 
N Of) O539) 953 ; ewe 
E. el RS ay e ae eee 
P 518 883 1348 1808 2245 2693 ae ; 2s : A 
PM ee ce oo 8 8 eG $ ow 
Diels 2 1.6 1 5 3 5) 9 4 2x6 3 7 S ih 
2x6 3 2:2 0 0 2 2 : Hee : . 5 10 
6 ft 4 2.1 0 9 40d 5 5 9 
40d 5 2.1 0 3 2 3 af 2 Oe 5 2 iA re 
9” St. 6 Can 3 2 : 8 11 pee 7 7 12 YW 
1 lam. if 2.1 3 0 4 7 9 10 loaded 8 10 B as 
os BD ieeiot 3 3 ee 18 18 hae Sra avg a 
10 ee we 16 21 28 30 39 _ ee :. > 
a oe ee 41 is oa pe 45 12 1.9 14 25 36 
12 1.9 4 11 18 24 27 a a ae 5 26 87 
is, eo) 8 tis 4 8 12 14 go 4 
is eos 3 6 12° Ale 15 18 5 6610S 
es 4 11 14° Wie— is ae Ae 13 
16 ies 2 4 1 4 - 7 7 9 13 
17 2.1 2 4 7 6 6 6 18 5 5 a 
18 2:1 0 3 4 : ° : 1S 4 6 8 
19 ail 3 7 3 4 4 4 20 3 $ ; 
H 23 0 0 0 0 o = 6 286 405 
21 2.3 _20 : 199 243 304 Ze 166 ae 
De 52 A ea re ny 9.9 9.0 
z 34 eee oe ete _ 1533 2998 4503 
Ps 758 1495 2253-2098 3730 4495 < ’ ee ee 3 
4 5) D 5 2) 5 ; Y P 9 2 2 5 
D3 1 FE 5 5 5 9 21 . 1 il 1 
Dil sale 2 1 2 ; 2 9 2x6 3 i 2 
21 3 5 6 5 6 i 9 9 6 
eee x 1 6 Fos it 12 «13 4g ft 4 . Z é 
6 ft 9 9 4 : ‘ 6 9 
ee ; é 8 9 13 14 16 9” St ; , 4k oa7 
9” St. 6 8 8 12 13 17 20 5 lam 8 12 17 28 
dee ‘ 3 5 6 10 16 19 Koa ded 9 iG ie 33 46 
AES ( 15 21 24 27 = eC be aes ONT) 
Ae ce is aur 86 44 54 ie See el el et 
y oi 42 2) ; 22 35 
ee ee ee es os es |) 57 75 ae (eR We Wee 39 
. - 388 v0 15 9 
13 1.9 9 18 2 a oe 39 14 " aR ie 
HF hs (ears ee i ae ekO eee tG 
5 LOmeaizo mei? © 22 8 O poe ced 
~ oe sek tl eis 18 Ouro ane 
17 2 i 5 Oa a ate te 6 2 3 
18 2 9 4 8 9 10 20 1 3 5 
19 0 4 5 7 7 9 a 0 1 3 
ay ; 3 4 3 5 6 S 117) 218) 7341 
21 96 181 249 322 401 499 Be s8 9.0 
* Ay Wo Te ex 8.3 Ny ee 
RB a7 1.9 2.0 2.0 S 
e 


um ces 
[ooo okey To} 
or 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam. E 
. Lam. B ‘ 
ae gies 993 1993 3015 4010 4995 6000 a P 735 1548 2243 3005 3740 4490 
D3 l 2 : : ) 0 F 21 Y.P 2 1 1 5 4 4 5 
21 Y.P 2 : o 8 - : 2x6 3 4 5 8 6 8 12 
a : une Seve ete 6 ft 4 4 5 7 9 | 11 iE 
tod 5 0 0 0 2 0 2 40d 5 5 8 9 12 12 16 
5 S ” 6 2 4 9 9 
Hae 6 0 4 5 5 6 8 18” St ie 2 owe 
i tam, d E ; 5 5 9 «B fooded j 6 1) (1B 208 
loaded 8 . 4 i te @ ©" Oa ye 9 13 23's boos meas 42 
ee cee Be Sy) 10 2:3 9 . 10 5 28 fis4, 0m cous 
10 ta 8 6 ee 20 Sr ae ccr meee 43 54 
5 66 86 107 li) 3282-70 BO ees 
Se eeag st oe on 5 19 22 9 90 29 | 35 = 45 .0mmen 
Te ee Me Beto aren He 3° 21 10 14 = 1979) 2650 Bim 
(ee Bree) ares 8° Hoe Iola: e104) 628 : " 9° I6 19 Sones 
14 5 9 9 13 14 17 14 5 5 8 14 18 1 
15 0 es an ae ne 16 2 8 i0 “13 © 16cm 
16 o 4 5 ee es 3 17 @- 129 32° “36 ise 
17 ) 1 2 9 9 10 10 13 
18 0 0 0 0 0 0 18 4 
19 0 0 0 0 0 0 19 2 4 5 5 7 ri 
ae epee eo. 4 ee 
Me 66 «128-=—«182«283 89348 Be 97 187 260 317 389 480 
N M3) 23.7 eae eed eee N 9.7 94 9.2 9 3.9 esis 
E. 6 © 17) aie eee Sis E. 1.7 “1.8 7210 (300m 
P 1235 2500 3780 4995 6240 7508 P 1000 2050 3000 3993 4993 5985 
D3 1 0 0 0 0 1 1 D4 1 5 3 5 7 7 
21 Y.P. 2 1 1 2 1 1 3 21 Y.P 2 2 7 5 6 7 7 
2x6 3 0 1 2 3 2 0 2x6 3 4 4 9 9 10> Sie 
3 ft 4 0 0 0 0 0 0 6 ft 4 5 2 8 10° 13° Weis 
40d 5 0 2 2 1 2 2 40d 5 5 5 10 14 © 46.umia 
9” St. 6 5 5 6 9 «540 18” St 6 9 13 15 20 22 26 
3 lam. 7 2 5 7) it. itepens2 5 lam. 7 9 13 20 (27 © “32 lee 
loaded 8 2 6 11 or 15 18 loaded 8 13 18 27 35 43 50 
0 = 1294 9 dd 7 8 ed 28 se 24 10 9 20° «32 44 es ee 
10° 05 | 1228. 25 we 6 A 60, ure 10° 2.3 9 49» (27 (ss ss ee 
die. 1:94 8 99160 = 265  ah08 48 . “62 11 © 2.2 9 46 ‘245 © 34) Visa5 ies 
12) Rt Gae oO eed 24 8S ae as sh 2 2.2 ii 18 30 37 489 [ite 
my Laie. 9, 190 22 9 27° “32 if 21 8 18.) Se, 936 0 sae 
14 2 6 eh 19 14 3 i4 9 38 9) 30) mea 
15 2 4 6 9 ll 15 15 1 5 94> | ag Selene 
16 3 5 5 5 % S40 16 3 7 2 | 12) 1oueees 
17 0 1 1 3 3 1 17 5 5 6 8. 10' aa 
18 2 1 1 2 2 2 18 2 2 9 g ia 13 
19 0 1 1 0 0 1 19 0 3 6 5 6 7 
20 1 1 2 1 3 1 20 0 6 0 4 8 5 
21 0 0 0 0 0 0 21 0 0 1 1 5 3 
Ze 63 117 174 228 289 353 Ze 118 198 311 402. 516 590 
N G4) 6.1 600 6 535 N 10.9 11.2 10.7 10.4 10.1 
E. Se SE eee ec Fy E. 22 2:0 2.0 2.0 oa 
P 2048 4018 6048 7990 9988 12,003 P 995 1995 2993 4030 
D3 1 0 0 1 1 1 2 D4 1 0 0 2 1 
21 Y.P. 2 0 1 2 3 1 2 21 Y.P. 2 0 0 1 1 
2x6 3 0 2 2 2 4 4 2x6 3 1 0 1 2 
3 ft 4 0 0 0 0 1 4 4M ft 4 0 0 0 5 
40d 5 3 2 4 5 5 5 40d 5 0 2 2 6 
9” St. 6 2 6 7 Sl 13 18” St. 6 1 5 5 7 
5 lam. 7 5 ie 48° 21 Bo 1 lam. 7 0 5 6 8 
loaded 8 (ee Se meee IE loaded 8 2 pe eee 
9 1.9 14 2 45 58 # #73 86 9 9 2A) 64 40: be de ees 
10° 91:9. 9! =e = aa ea 60) ze 1) 23 oF a = oa eee 
11), 19 Ge Rog TER ss edd oh SY a ZO T1, | /2'9) oR 2 eS 75 vent in 
Lo) = Lis Se 1S eG eas hae 6G is = 299) 9")) 5 Ole eal 
13.4 3.9 “9 ) 409 28") 39 “ego » 6E 18) aie Se o:9 a4 18 
14 v= Oth woot a4 Me 5g = 39 14 5 9 iz 17 
15 62 oe It aot OO. aeed 83s 15 2 4 5 7 
16 5 9 O° 4 ts og 16 0 2 2 3 
17 4 5 4 7 8 17 17 0 3 6 5 
18 0 1 3 3 2 8 18 0 1 2 0 
19 0 4 1 2 4 1 19 0 0 0 0 
20 2 2 1 4 4 2 20 0 1 0 0 
Be 9: 871 461 565 Se 5 5 
N 0 82 asm rs nv ” Soe ayo ae 
1, Poke ORs URRY Dy Na) E- eee py OL 
P 500 1000 1490 1993 247¢ 299( = 2 2 
a Oe ose : i ; 73 2990 - ! 1240 25083783 4998 
21 Y.P. ee 7) 8 3 3 3 4 5 21 Y.P 2 0 0 1 1 
2x6 3 7 eed 5 5 8 7 8 2x6 3 0 1 0 
6 ft oet.& ) 8 4 5 7 8 7 446 ft 4 : ; 5 
40d » oe 2 3 6 6 8 40d 5 0 6 6 4 
18” St. 6 nO 8 3 3 5 7 7 18” St 6 7 9 1 5 
1 lam. Toe. 4 9 90. 14° ) ees 3 lam 7 1 ee 9 
loaded = B25 BT 1058 loaded 8 ; eee a A 
: : 1 12 21 23 25 9 2 9 5 5 
10 *.253 8 15-93 30 35 43 10 a3 (16 31 4s as 
11 2.2 ig 14 24 33 45 55 ul 2.2 - 
ae oe ee ee 2.) 18 = 58 a0 BGs eno 
ely eg a 2 22 47 | 33 53 «68 
13 2.1 6 10 14 18 27 23 13 21 5 13 1. 
ip one 4 7 it Ga) Migg 17 eg 8 1922 
15 2.0 4 6 8 9 Ul 13 5 ; is oie 
16 Vin? Due O 3 2 6 6 3 a a i 1418 
7 (25 = 3 4 2 7 5 5 a 5 i a 10 
18 1.8 1 2 3 6 5 8 8 . 0 4 4 
1995 03.7 8 0 0 0 0 0 0 19 0 : : = 
DOME eo), 1 1 0 5 3 3 56 0 5 5 
21 28 2 3 3 4 3 \ an 8 iS , 
Ze 1 125 162 2: 2 3 a1 
N Simaree 7 4 ies 23 Gi Aa eee ey baeoe 
E. i Gl 1.9 : 2. ; : : 
isos LS eo BE. Sto © 2p aa 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam, E Slab Lam. Lam. E 
P 1500 3000 4503 6003 8988 P 540 1019 1485 1969 246 
D4 i 1 2 2 5 5 D5 1 2.2 0 0 0 0 0 
21 Y.P 2 0 4 4 6 5 21 VP. 2 1.8 0 0 0 0 0 
2x6 3 i 2 5 9 9 2x6 3 21 0 1 0 2 4 
46 ft 4 3 5 7 10 12 6 ft 4 1.9 0 0 0 0 1 
40d 5 2 7 1 12 14 40d 5 1.9 0 0 1 2 5 
18” St 6 0 "e 12 14 19 18” St 6 1.9 1 4 7 6 13 
5 lam. 7 7 12 18 19 28 1 lam. 7 2.2 0 2 5 9 9 
loaded 8 14 17 24 35 48 loaded 8 1.9 2 7 9 14 14 
9 24 95 44 60 79 116 9 1.9 6 13 16 16 27 
10 2.3 9 21 45 47 75 10 2.0 2 ist 16 23 29 
ri 2.2 5 25 42 58 88 u 2.0 12 26 36 48 62 
12 22 12 21 33 47 74 12 1.9 5 12 17 24 33 
13 Dil Pil 34 52 66 97 13 2.0 2 6 12 17 21 
14 13 18 25 31 45 14 i) 0 3 6 8 13 
15 0 0 6 11 19 15 1.9 4 6 9 9 13 
16 6 9 13 14 20 16 1.9 5 i 9 9 12 
17 2 5 6 11 13 17 1.9 2 4 6 7 8 
18 3 5 9 10 17 18 2.1 0 0 0 2 0 
19 4 Z 9 12 17 19 1.8 it 5 2 6 7 
20 3 7 8 8 10 20 2.2 0 3 3 3 2 
21 0 4 9 6 9 21 2.3 0 0 0 4 
Se 131 256 386 510 740 Be 42 110 154 209 273 
N Onl ~ Sa eee ag eo N RO Me BA Aa 
E- ie 1 WS ik Ec 19 20 20 i,6 
P 1035 2000 3000 4000 6015 P 740 1485 2207-2990 373 
D4 1 0 2 0 2 5 D5 1 1 0 i 2 
21 ¥.P. 2 0 2 2 1 2 21 Y.P 2 i 2 1 2 5 
2x6 3 3 3 3 3 3 2x6 : 2 5 5 6 3 
3f 4 4 4 1 0 1 6 ft 4 3 6 
dod 5 1 1 0 0 0 40d 5 5 6 i M1 14 
18” St. 6 0 1 0 0 1 18” St 6 3 fe i i i 
1 lam. i 0 1 2 0 2 : ae i . ? a ot an 
peed ; 2.4 5 8 13 a 4 ena 9 1.9 9 14 22 31 31 
ee a eae ae a oe 
i 28 47 5 B. 2 
1 212 6 18 29 32 45 12 1.9 5 12 28 35 45 
13 2.1 1 6 13 16 20 13 2.0 : f 21 31 38 
4 ; . i ie 3 9 1B 16 20 
15 ‘ 2 2 = 16 7 12 19 19 25 
16 4 5 3 3 6 7 7 > 9 9 12 
a : ; i 8 8 Gee) 12006 vig) i? seeds 
18 2 1 1 1 3 1 3 = 5 3 8 
19 1 1 1 1 & on 3 5 8 3 1 
ay i 5 : a i 21 5 5 8 5 8 
3 2 2 a. 422, 
ee Ei, Me GOMOD EES 28 xe 102 174 274 338422 
i. ay Veen Te B {89 Wye. 1.9 mero 
E 2. £ e 
= 3 4000 5013 
P 1268 2498 3743 5003 6230 P 1900 2080 299 1 , 
D4 1 I 0 4 . a Dal YP ) 1 3 3 4 3 
21 Y.P 2 0 0 2 2 : mOEaewe 3 5 5 6 8 7 
2x6 3 0 0 0 0 2 aot 4 4 5 9 9 13 
3 ft 4 0 0 a 2 ; 40d 5 3 i 7 9 14 
40d 5 0 0 0 0 0 ie” Sk 6 2 9 14 14 21 
18” St 6 0 0 1 0 0 sae 7 5 9 16 20 25 
3 lam. 7 0 : ? = re loaded 8 Pa eee ie 83 ese 
loaded 8 is) 5 7 9 3 9 1.9 9 20 30 43 54 
9 2.4 9 13 19 26 3 10 2.0 i 14 21 31 38 
10 DB aly 28 45 54 66 40 20 e ig eA Es 45 
1 22 eis 26.6 42\— 54 = 60 Dy ly ee ED 
12 Aly 21 35 45 58 1s a0 9 24 35 45 65 
13 2.1 9 12 20 23 30 a 6 13 21 27 33 
10 14 15 17 4 2 18 92 28 
14 5: 15 4 1 
15 9 6 8 10 10 16 5 12 17 17 21 
16 4 3 5 8 8 17 2 7 12 12 19 
17 1 4 6 7 8 18 4 9 12 17 18 
18 1 4 4 5 A 19 3 1 9 9 13 
0 e e 0 
it 0 0 1 2 0 oe 93 211 319 407 516 
Ze 95 139 212 269 334 N 1055 10.8 10/3 97909 
N Seema 2 Meo mee E. BA ee) Bal Ae 
E. ee ea P 1008 1998 2978 3973 
P 2025 3995 6005 7985 10,015 aE ‘ 0 0 0 0 
D4 1 0 0 2 8 g 21 Y.P 2 0 0 0 0 
21 Y.P 2 0 1 1 = : 3 se(R 3 1 2 0 2 
2x6 3 2 1 1 2 1 44 ft 4 0 2 2 5 
3 ft 4 1 0 i u i 40d 5 0 0 0 0 
40d 5 3 4 4 u : 18” St 6 0 ie 2 i 
ate 8 Foe i2-) 19 92482 ee ck ae ee 
a Opera 18) 27) «36, 5260 10 om 20.0 Ome 100) 28m 35 
10 De il 22 34 51 64 tl 3.0) 32 62 91 128 
11 Boy iV 27 44 59 74 12 1.9 9 17 25 33 
12 2.2 14 30 43 58 76 13 2.0 7 9 17 14 
3 39 53 70 6 6 z 10 
13 2.1 10 27 3 uy 14 ul 5 
14 a ee eee es 15 2 8 Me 
15 5 9 ee 3 16 3 i : 
Be ; ? 0 0 3 es 0 2 7 2 
17 0 1 3 0 K ae 2 3 2 3 
18 0 : 1 4 at 0 0 : 
2 ps Se ee emt x eae aries <i 
21 0 1 1 1 3 oe 79 168 238 302 
De 100M OS = o8ile 378 477 NV 2.5 2.7 2.6 2.4 
N 7iAmeeT.8 7.2 619 — 6.9 z. 20 1.9 2.0 ; 
E, 2.1 Deo) 2.2 2.2 2.2 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam. E Slab Lam. Lam, E . 
* P 1245 2500 3755 4998 6285 as p 2000 4032 6025 7993 10,010 
21 Y.P 2 0 0 2 0 0 21 Y.P. 2 2 4 4 2 2 
2x6 3 0 0 2 0 0 2x6 3 2 1 0 0 0 
44 ft 4 0 0 0 0 0 3 ft 4 5 2 2 2 2 
404 5 0 0 0 0 0 40d 5 0 1 2 2 
18” St 6 0 5 8 2 5 18” St. 6 3 7 9 9 3 
3 lam. iC 5 v6 9 of 9 5 lam. ih 5 8 14 9 19 
loaded 8 5 12 17 17 24 loaded 8 9 14 24 26 36 
9 19% 18 24 29 36 ee soe Aen 50 69 88 
1 20 Liz a8 ST 7 oF 10 20 15 31 50 64-83 
ih ie the ee ye 8 ia! 95 1 20. 17 33 47 64 
128 10 getdate 5 12 1.0. 13> 6 028 Weeds 53 oa 
18 20 9 ZB BB 8 13. | 202015 wan, eas 43 54 
15 12 12 9 12 19 13 2 * % 3 #9 
16 5 5 5 5 12 16 4 2 3 5 9 
17 5 0 0 0 5 17 9 9 9 9 13 
18 2 2 2 2 5 18 2 2 0 0 0 
15 0 0 1 19 1 3 4 1 2 
20 0 0 0 0 0 20 
21 0 0 0 0 0 21 4 8 é é 3 
> 103 i 36 5 
x lol 268319436 e 133 219 324 395 510 
EB. Di 8 Di we B 3 oe a ae 
iP 1550 303 2 5 > Re ; 
E 5 930 4523 8040 7475 8965 ie I 375 505 684 753 905 
21 Y.P 2 0 0 2 0 2 2 21 Y.P 2 18 0 0 0 2 2 
2x6 3 9 3 é Ce s : 2 2 
yf 4 ae eer ies “att t 22° 6g ae 
4 FS ; iC c + : 3 6 
18” St ; P i i i . 30d 5 Be 0 0 ) 5 3 
5 lam, ff 9 9 17 7 2 uM 18” St. 6 1.9 6 8 4 8 8 
loaded: 8 9 17 a4 33 op ee ' lam é PA? 5 ee VA 7 9 
9 1.9 99 37 59 aS oF ee oaded : Les 6 5 11 12 12 
10) 2108 14 626-5 eee Sr ee coe es Are cep a : 2 a 
Li 20m ly 6 29 5066 (7B 8 30 9 : : ie a 
(ee on eee i aon ae tc eee 
13 2.0 19 31 47 66 80 95 12 202 eS 18 18 24 29 
14 i re & y 5 13 ied) a 7 9 12 14 
15 5 14 (4 oe ss 40 is Ee : : 3 f : 
te : : s ae 4 15 1.9 1 2 2 2 7 
1% Ooms 4 9 is iB eS see - z z 3 
g : 2 2.2 2 2 
18 0 3 5 5 9 9 18 2.2 2 0 0 5 5 
40 i y Z 0 7 4 19 2.3 0 0 2 0 3 
21 0 1 0 0 0 0 ae eee iH “ 0 
De 125 224 346 467 608 719 = ss) 2 o 2 0 
a ee eee cee ze 7 106 (118 167~ 209 
Be 226 620) eo emee io E He res a ok 
. P 883 1990 2983 3985 5940 e 390 eee 
21 Y.P 2 i ° 0 0 D6 1 90 568738898 ines 
2x6 3 0 0 0 a 0 aL YAPs 2 0 0 0 o e 
3 ft 4 fh) ae 5 c 2x4 3 2 2 0 > 
40d 5 i tie if a : 2 0 : 2 5 
18” St 6 0 1 4 5 30d 5 0 0 1 
ee ee OD heel. semege 18”St. «6 1 4 : : ° 
loaded 8 5 2 il 9 ic 3 lam. u 7 i 10 3 Z 
9 1.9 0 3 f ve ic loaded 8 6 7 12 ¥ i7 
100 R2.0GN BZ a rIT) pea eeeas ecg reer aes 
: b) 26 Ds 
13 OG . 8 He Be 66 12 2.2 re 18 i8 3 = 
14 0 7 hig i ie ie 2 t 9 is 
é (0) 0 V/ 7 7 5 5 12 
15 0 0 7 . 17 15 
7 7 1 2 7 7 
17 0 16 A 
18 oe en mee ot: 17 De ee 
19 0 10) 3 2 0 18 9 0 0 0 0 
20 0 0 ( = 19 0 > 6 4 
21 0 H 0 0 0 20 . = 2 6 
De 45 95 193 289 975 = 0 0 0 0 0 
N 2.6 2.9 3.4 an 2.9 Le 72 98 143 : 
E- i OY GS a 5.3 6.1 67 rt 
=e P 1280 2485 3733 4908 6210 7513 Pp i oo 
21 YP. 2 0 5 e i 0 0 D6 1 te 745 1013 1240 1510 
Bee 3 i : f 2 0 0 21 Y.P 2 0 e ; o 0 
3 ft 4 0 0 5 a 0 0 2x4 3 5 S : 0 
40d : 0 i ; 0 2 0 6 ft 4 6 : o 0 0 
18” St 6 ie 5 i ol 0 30d 5 2 0 u : o 
3 lam. 7 0 3 y 7 2 18” St 6 f : 2 5 2 
loaded 8 1 6 7 re ie 1 5 lam 7 5 7 2 7 10 
OCC ey ear rige Sg act: poate: : 6 14 9 @ 3h 
10 62.0 64) 61885 Dt 38 9 22 9 i oo fe 
: 28 4 : 10 Q 1 
2. 7 17 99 28 39 12 2.9 38 
2 3 eon ee 12 21 2 
i fo fo ee Wether GE 
15 2 5 5 : i 12 1424 26 
3 0 5 2 2 
17 0 3 4 4 1 er 
8 0 6 0 0 
18 0 2 : 2 z 
19 0 0 0 5 6 e 18 0 ‘ if 6 2B 
0 : 4 . 9 0 0 . 0 0 1 2 7 
21 0 0 0 0 8 0 20 4 4 r4 0 5 
De 45 131 o5 ie 0 : o 4 0 
190 250 286 ‘ 21 0 : 
N Paas.8 <5 1 medigap ae Be 78 133 3 3 f 
E. PLOMEEe 1) 521) Ros © toud ae 76 80 8.3 es 
. 2. ae ~ a . 353 
2.8. 3.0 216 a's 


Or 


pmanNcNoOOS 


COoOnentunsy 


- wW 


ye) 
COONSCON HH 


ee 


+ 
NOOR or 


wat 
aBNWoOOD AN 


ray 


er) 


Bul. 424. DISTRIBUTION OF CONCENTRATED LOADS BY LAMINATED TIMBER SLABS 


wot Nor 


09 


Nom nmoS oo 


wnt 


Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam. E Blab? Want tame Be 
P 455 693 895 1130 1368 1563 Pac |. soe aie 
Be RE aes eee ae yo 
ap 3 0 2 2 4 2 2 ee 3 2 9 
eae : 0 2 1 3 1 3 3 ft 4 0 5 
5 1 3 5 9 30d 5 0 2 
18” St 6 2 2 5 5 5 7 18” St 6 0 0 
1 lam. ri 2 eee 5 7 5 3 lam. Hl ; 
loaded 8 2 5 8 12 12 14 iskaed 8 0 7 
9 2.2 6 8 13 15 20 18 9 2.2 5 14 
10 2.1 8 14 17 24 28 31 10 2.1 5 14 
M1 2.0 23 38 48 62 76 85 11 2.0 9 17 
; 1 2 26 30 12 2.2 7 14 
13 1.9 4 7 il 13 16 18 13 1.9 7 7 
14 3 9 13 18 13 17 14 0 5 
15 0 st 3 6 6 a 15 2 2 
16 3 4 4 5 6 6 16 0 0 
i Us ie a: : ae 
0 18 2 5 
19 0 4 1 2 2 2 19 0 0 
20 0 0 0 0 0 0 20 0 0 
0 0 0 0 0 21 1 0 
De 56 120 149 201 230 256 Se 47 95 
N Omens le oo eS Ou tO N 6.3 
E- ZA ES Se Rime. SIE pea E. 23 
P 425 605 925 1200 1503 1805 P 630 1245 
D6 1 0 0 0 0 0 0 D6 1 6 10 
755 ie tp 2 0 0 0 0 0 0 21 Y.P 2 2 2 
2x4 3 3 2 2 2 5 2 2x4 3 0 0 
AY ft 4 2 2 0 0 2 3 3 ft 4 5 12 
30d 5 0 0 2 2 5 5 ; 5 
18” St. 6 0 0 0 7 7 7 18” St 6 0 0 
3 lam. 7 0 0 5 5 E 5 lam. i. 5 
loaded 8 5 9 9 14 ile 17 loaded 8 5 12 
mio be a, OO Be ee 
10 2.1 9 12 24 31 
rial 2.0 15 19 31 38 47 57 11 2 Ome 21 
12 22 15 17 28 38 48 57 12 2.2 10 18 
13 1.9 7 9 14 14 24 24 13 1.9 6 16 
14 8 10 13 18 20 20 14 5 10 
15 7 6 5 9 9 10 15 7 7 
16 4 2 5 9 7 9 16 0 0 
17 2 5 2 5 ; 5 7 . 7 
18 0 0 0 0 
19 0 0 0 0 0 0 19 0 0 
20 2 0 0 0 0 0 20 6 6 
21 0 0 0 0 0 0 21 0 0 
Ze 88 105 161 212 268 305 De 91. ‘171 
N 6.6 5.8 5.9 5.9 5.7 N 9.5 8.7 
E. ip ee 12 i ; : 
P 495 880 1260 1625 2003 2398 : P - 368 553 
1 0 1 0 1 7 2.5 
or YP. 2 0 0 0 0 0 0 21 Y.P 2 215 0 0 
2x4 3 0 0 0 0 0 2x4 3 2.0 1 1 
4 ft 4 1 5 2 4 7 12 6 ft 4 2.3 0 i) 
30d 5 2 5 4 5 9 9 30d 5 Dil 0 0 
18” St 6 0 2 6 5 5 9 18” St 6 2.3 1 1 
5 lam 7 0 5 9 12 12 14 1 lam. 7 2.3 0 1 
loaded 8 10 15 20 27 29 33 loaded 3 2.3 2 5 
9 2.2 9 23 31 45 52 62 9 2.2 5 7 
10 24 7 12 19 31 38 45 10 2.2 7 H 
11 2.0 7 12 26 36 40 50 1 2 2 7 19 
2.2 10 18 26 38 4 2 
13 1.9 9 19 31 40 45 52 13 2.2 0 1 
14 1 5 9 16 23 26 14 2.3 3 7 
15 3 3 8 15 15 17 15 2.3 5 5 
16 0 5 7 9 9 12 16 2 3 : 6 
0 2 2 5 5 
18 0 0 0 0 0 0 18 2.1 2 2 
a 9 2.4 0 0 
oa - : : A : 30 2.0 0 0 
a 0 0 0 0 b 0 21 2.5 1 0 
De 60. 138 208 294 337 402 De 58 43 
N $2 7.8 7.7 7.8 7.8 N a8 
E. es ee : i a és 2 8 
P 500 843 1213 1545 1888 2248 P 532 758 
0 0 : 
21 YP 2 0 0 2 2 : 2 21 YP : 1 2 
; 1 1 0 0 2x 4 2 
Poe eee ek tk 
a 2 ; : i 2 2 5 18” St 6 6 7 
18” St 6 2 1 ~ 7 9 12 
ae & 2 0 cae ee eae ein Wee ae 
loaded S 2 2 OF 5 2.00 ot eet? 
0 2 7 9 12 
10 31 B 20 27 32 36 44 10 2.2 14 18 
11 a0 17; 31 40 57 71 90 a ee ae a 
12 2.2 14 21 26 30 37 45 12 2.2 7 7 
1.9 4 8 9 9 11 14 : 2 9 9 
13 , 2 14 2 
14 0 1 2 2 2 7 = 7 2 
15 2 2 2 : . 2 ie 3 5 
16 , . - 2 17 1 3 
17 0 0 0 2 5 A : 
18 0 2 : e ; F 19 0 0 
19 1 0 0 0 ; 0 20 0 0 
20 0 ) 0 0 : * 31 0 0 
21 1 1 0 2 ea Se 95 124 
60 94. 123-163 202 250 Ze ees 
Ze ¢ € N ail (. 
Eee es B2lee 2.9 2.8 2.8 7 
N 3.5 . P E. 2.8 3.1 
E- Se 23 265 24° 2.4 2.3 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Continued) 
Slab Lam. Lam. E Slab Lam. Lam. E 
P 515 823 1203 1470 1798 2133 P 505 102 
D7 1 0 0 0 0 0 0 D7 1 0 0 
21 Y.P 2 0 0 0 0 0 0 21 Y.P 2 0 0 
2x4 3 0 0 0 2 5 5 2x4 3 0 0 
6 ft 4 2 5 5 5 7 7 3 ft 4 3 1 
30d 5 2 5 7 9 9 9 30d 5 2 3 
18” St 6 5 5 9 14 13 14 18” St 6 2 2 
5 lam. 7 7 13 14 22 24 28 1 lam. 7 0 2 
loaded 8 7 17 19 31 31 27 loaded 8 2 2 
9 2.2 13 18 25 27 35 46 9 2.2 2 7 
10 219 9 22 28 33 38 38 10 2.2 9 18 
il 2.2 5 14 19 24 28 38 11 2.2 9 25 
12 2.2 7 9 14 21 24 26 12 2.2 7 10 
13 2.2 10 12 17 26 31 33 13 212 5 9 
14 9 14 17 17 19 24 14 0 2 
(5 0 5 5 12 12 12 15 2 2 
16 2 6 4 7 8 12 16 2 2 
17 0 il 0 6 7 7 17 2 0 
18 1 1 1 6 7 i 18 2 2 
19 0 0 0 5 5 5 19 0 0 
20 1 1 1 0 1 4 20 0 0 
21 0 0 2 1 3 2 21 0 0 
De 80 148 187 268 307 354 De 49 87 
N Fo) Chil WO Oo) tye N 3a 
E. DS 8.9 B80 3.0 E. 280 
P 508 989 1493 1993 P 527 100 
D7 1 0 0 0 0 D7 1 0 0 
21 Y.P 2 0 0 0 0 21 Y.P. 2 0 0 
2x4 3 0 0 0 0 2x4 3 0 0 
41% ft 4 1 3 2 3 3 ft 4 0 0 
30d 5 2 5 5 5 30d 5 0 0 
18” St 6 2 5 7 9 18” St. 6 0 0 
1 lam. le 10) 10) 10) 5 3 lam. ia 0 1 
loaded 8 5 ie a 9 loaded 8 0 3 
9 2.2 2 7 12 14 9 2.2 2 7 
10 2.2 9 17 28 38 10 2.2 20 31 
li DOM 52 73 90 il 22 18 26 
12 2/2 5 14 17 24 12 2.2 21 28 
13 2.9 9 8 17% 17 13 2.2 5 9 
14 0 5 7 14 14 0 1 
15 0 1 6 9 15 0 0 
2 2 2 1 
17 0 0 0 0 7 0 ° 
18 5 5 5 5 18 0 0 
19 0 0 0 0 19 0 0 
20 0 0 0 0 20 0 0 
21 0 0 0 0 21 0 0 
Bie 68 130 188 244 Be 66 108 
N DG OR DAG Be N 3.8 
E. D8 BE BO Sui E. 2.3 
P 524 1023 1508 1995 2503 2 5 
D7 1 0 0 0 0 0 a D7 = He i 
21 Y.P 2 2 0 0 0 0 2 21 Y.P 2 0 1 
2x4 3 0 0 0 2 2 5 2x4- 3 0 1 
4M ft 4 0 0 5 1 2 7 3 ft 4 0 1 
30d 5 2 2 5 7 5 14 30d 5 0 2 
18” St 6 1 6 7 8 1 10 18” St 6 0 2 
3 lam. 7 0 0 5 5 5 12 5 lam. 7 5 7 
loaded 8 6 11 13 16 20 25 loaded 8 0 > 
9 2.2 5 12 16 21 26 31 9 2.2 5 12 
10; 8 9 2:3)) 44 26 38 50 62 76 10 2.2 8 14 
11 2.2 14 26 42 51 66 80 11 2.2 0 7 
12 DD, 13 30 46 58 an 95 12 2°95 9 1 
13 2.2 5 17 24 26 33 40 13 a) 7 = 
14 5 12 18 20 21 28 14 eh 6 in 
15 5 ‘li ll 13 20 20 15 ri : 
16 2 2 2 7 7 10 16 is 
17 5 5 7 5 5 7 17 3 7 
18 0 (0) 5 5 5 7 18 2 7 
19 0 0 5 5 5 4 19 0 3 
20 0 0 0) 0 0 0 5) s 0 
zo 20 0 0 
I 0 0 0 0 0 0 21 0 0 
De 79 160 249 300 372 ~°& 473 ‘De 52 
N 58) R519) Vb Ser Bea 8 bar N sa 
B. ee eo kw E Sa 
P 502 5 OF : ; Lea ts 
e ; o2 1014 1 500 1997 2500 3005 : P 485 98 
21 Y.P 2 0 0 5 5 5 mie 1 1.8 0 0 
2x4 3 1 5 5 8 9 9 eR ma Mees . 
Le tt - F : 4 ‘ g 2x4 3 2.5 1 0 
aaa 2 ; 4 : 8 9 11 6 ft 4 2/4 2 5 
18” St 6 5 ane a ab meade a ae 3 
5 lam. if 8 13 27 22 27 39 9” St. 6 2.0 4 7 
loaded 8 7 12 18 26 38 a6 ie ie 2.0 2 9 
Came) 12° oF 40° " 45° 87. (66 age oe ; 
10 2.2 7 17 24 33 36 45 9 2/2 9 13 
[eee 7 IS A BL aa) ee LO tag 2.2 ao) eet 
12 2.2 a 17 23 36 50 58 11 2.2 ° 42 24. 
13 2 6 26 38 50 a eS 12 2.2 10 19 
14 2 14 20 28 31 38 a oe i aul 
i “ _ 38 14 2.3 8 10 
16 2 2 4 3 3 28 15 271 4 6 
13 6 : 3 ° i 17 2.3 5 8 
19 i e E 2 2 i 18 2:0 3 7 
20 0 4 : i ; 19 2.0 2 2 
an 6 5 5 : / 20 2.5 1 2 
Ye St 170 269 «Bag aos a a oa . 
N C0 08.0 $8 Tee ge me 89 166 
E. WG Shas GT Gs v 6.9 
3 ee E. 3.0 
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Table 16 
Midspan Strains, Effective Widths, and Moduli of Elasticity, Series D (Concluded) 


Slab Lam. Lam. E Slab Lam. Lam. EB 
P 628 1323 1880 2503 3125 3750 12 22 16 35 54 70 
D8 1 0 1 3 7 6 9 D8 13 2.3 8 22 34 46 
ae ge oe ee es 
x 2x 5 5 7 2 
6 ft 4 6 6 12 14 19 21 4M ft 16 5 12 17 19 
o” St 8 Eee ce oe os. 18 Nate ea ie 
: 3: : re : ; 
3 lam. Wi 6 12 19 25 30 39 3 lam. 19 2 6 a 9 
loaded 8 7 14 24 28 35 45 loaded 20 2 2 5 7 
9 2.2 9 17 47 58 a1 2 2 2 3 
10 oe Ges 33 47 64 80 95 De 143 298 426 589 
11 Oly 31 41 60 71 86 N Be BE te EG 
12 DO aN 28 42 61 70 89 E- whey BY ye or 
Do ease Ed =e > pues wy oe P 1253 2510 3498 4500 
14 8 18 a Zt ae a D8 1 0 0 1 5 
15 i « te a on ee 21 Y.P 2 4 7 9 12 
16 : oe — ee ee Be 2x4 3 2 7 7 12 
7 2 if t re ss 4M ft 4 4 9 14 21 
18 8 S iS : iS ae 30d 5 7 13 16 20 
BM 2 - : Se a 9” St 6 9 19 2% 31 
5 : 2 i : f 
21 2s DS ee ees ae eee eee 13 940 037 eae 
Se 135 250 303525661 809 5 Se aay ae a 60 
a Se eo ee 10 2.2 16 88 4985 
E 2. 2.7 2. 2.3 il 2.2 22 37 56 
: aly 2475 3255 3990 12 DD ale 38 59 80 
D8 i a ne gis ew ah ee 13 DR 110) 43 64 85 
21 Y.P 2 0 0 3 7 13 14 14 16 30 44 58 
2x4 3 1 2 5 12 19 25 15 10 24 40 54 
6 ft 4 0 5 7 10 21 26 16 9 18 28 37 
§ 26 31 i 
oF St é : : 18 36 33 18 5 il 13 20 
5-Jém. 7 1 6 14 24 33 44 19 3 6 7 13 
5 lam. = 5 0 64 20 1 7 8 12 
loaded 8 11 17 27 38 5 
9 2.2 7 17 28 44 60 78 21 0 0 0 A 
10 2.2 9 19 32 48 66 88 De 195 394 579 790 
ll 2.2 9 19 27 42 61 76 N 10.5 10.6 10.3 10.5 
12 219 9 19 31 44 65 83 E. Diu OG Gs 
13 28) 9 17 ee a oe Q P 750 1518 2230 3000 
14 5 9 1 2 5 D8 1 0 0 0 
15 0 5 12 19 31 43 rae) 5 5 : a - 
16 0 0 8 14 24 33 San 3 0 0 0 2 
iWé 0 1 9 15 21 33 3 ft 4 0 2 9 5 
18 0 0 6 13 22 33 30d 5 0 0 5 7 
19 0 0 0 3 12 age 9” St. 6 D af 9 i192 
20 2 1 2 2 ag 4 1 lam. i 5 9 . & 
2 2: 2 2 é : a 8 4 11 
66 1438 268 447 682 906 Me 9 2.2 7 18 24 31 
N van) 9.2 10.2 10.9 Te 10 a) 12 26 36 47 
E. aoay SE CO Lh IRD 1 2.2 18 35 56 7 
P 683 1268 1840 2483 12 2. 2 14 26 35 20 
Ds 1 0 0 0 D 14 , 6 il 16 16 
Die. P. 2 0 0 3 15 2 9 12 14 
2x4 3 2 0 0 2) 16 4 5 9 6 
AY ft 4 0 5 7 7 17 0 0 5 2 
30d 5 0 5 7 9 0 9 i 
6 18 0 2 
9” St 6 6 10 14 18 0 0 2 5 
: 6 10 20 27 19 0 
1 lam. vb J Be 39 20 0 0) 0 
loaded 8 5 1 a : 1 0 0 (0) 0 
erage Te 21K © 28 88 Se 85 178 259 347 
10 22 16 20 32 46 N ABT) Se diel 456 se5 
11 2.2 20 ah ae os R. DD DD B 99 
3 3°83 4 12 17 26 P 1055 2040 3050 4028 
14 ; 2 9 12 24 Ds 1 0 0 a 0 
0 7 9 21 Y.P 2 : 
oe 0 6 6 16 2x4 3 2 0 2 Z 
17 0 1 7 us 3 ft 4 ° ¢ 4 
a i 1 I 5 on St 3 2 5 9 9 
19 i) k : 5 9" St. 6 2 3 is 7° 
20 0 i am. 8 5 12 OFT 26 
21 1 1 1 loaded 40 
81. 193 293 448 9 2.2 9 21 31 
% i ae a oa il 0 2.2 18857 
: 2.4 19 36 
E. Sn | ek | el iv 2.2 9 52 i 
P 883 1793 2633 3390 4122 ae eee 2 ae ee 
D8 1 0 0 0 0 1 14 5 12 17 26 
21 YP 2 3 3 2 i 2 15 0 a a, 
5 2 5 ; 5 1 6 
Fe ; Fs 4 4 4 11 11 14 7? 0 5 5 a 
30d 5 oF 18 
” St 6 5 14 17 21 26 19 0 0 0 il 
3 lam. 7 9 17 19 24 31 20 1 1 1 1 
foaded 8 11 18 27 35 44 91 0 0 0 0 
ie ae Wgeg-o8n 18-9 624, 34 4 44 51 ae 94 205 319 419 
ORES ENS meee 50 64 78 N Bu ed Bese 
ol DE, 20 39 61 75 96 E. 2.5 2.4 2.4 


Vil. APPENDIX FIGURES 


Effective Number of Laminations and Working Stress 
ihn =2000 
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30d - Pattern” 


Load, /OOOLbs 


Alo* 
30d - Pattern "| 


Al4* 
30d - Pattern’ 


30d - Pattern 30d - Pattern" W" 


O 2 4 6 0 2 4 Ee 2 4 6 
Effective Laminations 


“Span: 3-0! 5-2'x4" Yellow Pine Laminations 


SERS SSS Por 


Load, 1000 Lbs 
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Effective Number of Laminations and Working Stress (Continued) 


mimenimen coo, 


Series A continued 
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‘ AZzZe* 
Bolts - Pattern'W" 


A32* 
“Bolts - Pattern'Z" 


Pattern"Y" 


AZ6” 
> Pipe - Pattern'Y” 


” 


Pine - 9" Staggered 


O 2 4 6 O 


*onan: 3-0, 5-2'%4" Yellow Pine Laminations 


z A38* 
2 Pipe-9" Staggered 


4 fal (6 
Effective Laminations 
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Effective Number of Laminations and Working Stress (Continued) 
=, = 2000 = a 100 re cro 
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Series A continued and Series B 
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30d - Pattern"V" 
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Ny 


Load, 1000 Lbs 


30d - Pattern"x" 
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Pattern"V" 
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Pattern"V" 


Aor” 
- 30d - Pattern 
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Span: 3-0," Solid Stab: 92" 3 a 
Yellow Pine 


30d - 9" Staggered 


30d -9" Staggered 


O Short Nails j 
O 2 4 EO 2 . be : ; - Short Nails 
* Span: 3-O" 5-24" Yellow Pine Laminations Effective Laminati 
4 4 A au“ ’ ’ am 
t Span: 3-0! 5-2'4" Redwood Laminations ae 
™ Span: 3-0," 5-2'x4" Douglas Fir Laminations 
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Effective Number of Laminations and Working Stress (Continued) 
Series B continued 
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wa 
= = 


Ba" 
30d - 9" Staggered 


30d - 9" Staggered 


Load, (000 Lbs 
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Bolts - 9' Staggered 30d -9' Staggered 
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Tongue & Groove - 30d -9" Stgr 
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/"Bolts - 9" Staggered 


Tongue 


** Span: 3-0) 5-2’ 4" Douglas Fir Laminations Effective Laminations 
+ Span: 3-O, 3-2'x4" Douglas Fir Laminations 
4 3 Continuous Spans at 3'-O" 5- 2'x4" Douglas Fir Laminations 
9 Span: 3'-O" 9-2'x6" Douglas Fir Laminations 
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Effective Number of Laminations and Working Stress (Continued) 
=—=f~ =2000 _———In 21500 Fame In =/00O 


Series B continued 


Tongue & Groove, # Bol. 
9 bs Staggered 
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30d -18" Staggered 
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Load, 1/000 Lbs 


B24* 
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2 Bolts - 9" Staggered 
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30d - 18" Staggered 


<1 50* + 


T&G, £ Bolts-9" Stgr 


B32** 


an” 
? Bolts - 9" Staggered 


i Span: ae 2x4 Pes PAR a i Ai ; inane = é i 4 g 
° Span: 6~ o 5- 2'x4' Douglas Fir Laminations TOG A 
* Span: 6-O', 9- 2'x4" Douglas Fir Laminations 
3 . Span: @ 0}, 5- 2'6" Douglas Fir Laminations 
Span: 6-0; 9- 2x6 Douglas Fir Laminations 
** Span: 6-0’, 5-3'x6" Douglas Fir Laminations 
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Effective Number of Laminations and Working Stress (Continued) 
—— fn = 2000 ——f, =/§00 -=---f, =/000 


40d - 9" Staggered 
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40d - 9" Staggered 


Load, /OOOLbs 


Ir 
/"Bolts - 18" Staggered 


C5 
g Span: 6-0" 5143" Douglas Fir - Solid Slab 


Ginn 


Toothed Ring Connectors 


+ Bolts - 18 
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Effective Laminations 


9 Span: 6-0", 5- 2x6" Douglas Fir Laminations 
44 Span: 6-0) 9- 2% 6" Douglas Fir Laminations 


= 650" 9- 2%6" Douglas Fir Laminations 
#& Span: 6-0," 5- 3x6" Douglas Fir Laminations 
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Series D 


Effective Number of Laminations and Working Stress (Continued) 


/ Lom Loaded 


— — 3am Loaded 
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Effective Laminations 
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Effective Number of Laminations and Working Stress (Concluded) 
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Effective Laminations 
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